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FOREWORD

The Human Factors Technical area of the Army Research Institute is con-
cerned with the future battlefield demands for increased man-machine capa-
bility to acquire, transmit, process, disseminate, and utilize information.
Image interpretation research deals with extraction of information from sur-
veillance displays and with the efficient storage, retrieval, and transmis-
sion of this information. Research results are used to design future systems
and to develop improved interpretation techniques in current nystems.

This report summarizes the research completed by ARI between 1970 and
1980, organiL:ed into nine main problem areas. In each case, the rationale of
ARI's approach to the problem, findings, operational applications, and fur-
ther research requirements are presented. The proulem areas included are
image interpretability, near real-time imagery interpretation, real-time
imagery interpretation, man/computer decision processes, change detection,
mensuration and coordinate determination, training and proficiency mainte-
nance, imagery interpretation key development, and reconnaissance resource
management and utilization.

ARI image interpretation research has been conducted as an in-house ef-
fort augmented by contracts with several different organizations having
unique capabilities and facilities for research in specific areas. This sum-
mary is responsive to requirements of Army FY80 Project 2Q162722A765. The
report was prepared in collaboration with personnel from Batteile Columbus
Laboratories.

Jos PH' ZaER
\ecnical Director
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ARI IMAGE INTERPRETATION RESEARCH: 1970-1980

EXECUTIVE SUMMARY

GENERAL

This report summarizes image interpretation research conducted by the
U.S. Army Research Institute for the Behavioral and Social Sciences during
the past decade. Most of these research efforts were conducted in response
to specific military requirements to optimize the completeness, accuracy, and
speed with which intelligence information was extracted from reconnaissance/
surveillance records. The results of this research have been used to improve
current and future advanced interpretation systems. Findings of the research
efforts are of continuing interest to systems users (interpreters, G2 and G2
Air officers, commanders, and others), system designers and engineers, the
U.S. Army Intelligence Center and School (USAICS), and the intelligence com-
munity as a whole.

The research efforts have been grouped into eleven areas: research and
operational support, image interpretability, near real-time interpretation,
real-time interpretation, man/computer decision processes, change detection,
mensuration and coordinate determination, training and proficiency mainte-
nance, key development, r6,onnaissance resource management and utilization,
and basic research. Each area is briefly reviewed in the beginning of each
section; then, each research project is summarized; and the results, opera-
tional applications, and further research needs in that area are listed. A
summary of operational applications and further research needs for all image
interpretation research areas is provided at the end of this report. Table 1
shows the primary operational application of the research results for nine
research areas (two areas were not directly responsive to operational needs).
Table 2 shows the primary users of the research for the nine research areas.

The following is a summary of selected operational applications of this
research in the various image interpretation areas. Although some opera-
tional applications are valid across many situations, others pertain only to
specific circumstances or contexts. As a general principle, if the condi-
tions are substantially different from those under which the research was
performed, application in the operational situation should be done with
caution. In no case should operational applications of the results be insti-
tuted without prior review of the research report cited. Interaction with
ARI scientists is recommended to help insure effective, optimal application
of results.

Both hard- and soft-copy imagery will be useful to the Army in the 1985
time frame (TRADOC report, "Tactical Imagery Exploitation," 25 Jan. 1979).
Different imagery types will be used, with emphasis at corps level and below
on digital and analog, near real-time transmissions to satisfy the commanders'
requirements for timeliness. This report directly and indirectly relates to
many aspects of these concerns.

ix
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IMAGE INTERPRETABILITY

Image quality limits the amount of intelligence information that can be
extracted from a reconnaissance/surveillance mission; it depends on the re-
solving capability of the sensor system, the stability of the aerial plat-
form, the altitude at which the mission is flown, weather conditions, time of
day, and the granularity and chromaticity of the film. Successful mission
planning requires knowledge of the effect of the interrelationships of these
factors on interpreter performance. If the quality of the iaagery can be as-
sessed in the field as soon as it is processed, the fac~.±iy manager can
qu!.ckly determine whether the interpreter will be able to extract the re-
quired intelligence information or whether the mission must be rescheduled.
Techniques exist for assessing image quality empirically using special equip-
ment and computational techniques. Research has focused upon developing
quicker, subjective techniques for evaluating image quality and on the ef-
fects of mission factors on image quality.

Operational Applications

Using the Image Quality Catalog, the facility manager can make subjec-
tive estimates of interpretability to predict expected performance. These
predictions can be used to determine if new imagery is required to meet the
commander's needs, to select which frames in a mission should be interpreted
and in what order, and to help the manager of an image interpretation (II)
facility determine workload requirements.

Mission planners and sensor designers should consider the interactive
effects of scale, haze, and image motion on interpretability in the initial
stage of their planning.

Optimal planning of infrared missions is critical to insure that the
imagery can be effectively interpreted.

NEAR REAL-TIME IMAGERY INTERPRETATION

Film processing introduces a serious delay in the imagery interpretation
process. Bandwidth limitations may preclude the transmission of high-
quality, inflight processed photographic imagery to ground stations; ai'-

ever, degraded imagery may be useful for screening purposes. Near real-tioe
imagery interpretation involves many factors for which there is little data
or operational experience available to guide system developers, trainers, or
managers. Research has been concerned with determining which factors affect
interpreter performance and with developing techniques to improve near real-
time interpretation.

Operational Applications

The factors of image resolution, presentation rate, and scale affect in-
terpreter performance and thus are important in the design of imagery dis-
plays and related doctrine. For example, more time beyond 2 seconds per

xii



frame does not improve interpreters' screening accuracy for rx:or resolutgc:
imagery.

For target location on infrared (IR) imagery, use of a reticle and the
automatic readout of location inherently rrovide more accurate estimates than

manual methods. With use of the reticle, fewer target misidentifications are
made, but at a cost of a greater time lag. System designers should consider
the trade-offs of location accurAcy, performance accuracy, and time lag in
recommending use of a reticle.

Interpieters require more training and/or experience in the interpreta-
tion of SLAR imagery than that possessed by the sample of interpreters par-
ticipating in the research. In directed search, fewer than half of the tax-
gets were identified correctly; in free search, 22% of the targets were
detected, and of these only 20% were correctly identified.

Intelligence analysts should be aware of the accuracy and completeness
of reports based on the present-day interpretation of side-looking airborne
radar (SLAR) and adjust their intelligence estimates accordingly.

REAL-TIME INTERPRETATION

Real-time information on events beyond the forward edge of battle area
(FEBA) may be provided by inflight displays in the aircraft, or the imagery

may be telemetered to a ground sensor terminal for interpretation in real
time. The remotely piloted vehicles (RPVs) being developed will be able to
transmit in real-time the information from a variety of sensor systems, in-
cluding television cameras. Ground personnel will control the flight of the
platform, control the sensor parameters, and interpret the real-time displays.
Telemetering of data to ground sensor terminals involves using man-machine
considerations, including bandwich availability, since bandwidth reduction
degrades quality. Research has dealt with the interpretation of infrared and
TV displays and with the effect of bandwidth compression of digitized imagery
on interpreter performance.

Operational Applications

IR interpreters require additional training and experience to improve
their completeness and accuracy scores. Modification of operator techniques.
training, and procelures is suggested.

The RPV observer usually needs to devote full attention to target acqui-
sition. Concurrent tasks can significantly degrade visual search perform-
ance, and the search task can degrade the performance on concurrent tasks.

Bandwidth compression of digital imagery degrades interpreter perform-
ance but can be used under several conditions. Mission planners should con-
sider the interactive effects of sun anqle on performance.

xiii



MAN/COMPUTER DECISION PROCESSFS

The proliferation of intelligence gathering systems can overload a cam'-
mander with information--some is critical ard some is of little concern, smxo
is accurate and some is relatively inaccuratej all information contains a
combination of ,hese factors. Working as parts of a system, image inter-
preters and the interpretation facility computer c,m enhance the usefulness
of intelligence information for the commander. The decision model of this
system is probabiliptic because the true state of the conditions confronting
the decisionmaker is usually not known with certainty. H1owever, the cost of
each interpreter error to the commander's mission can be estimated. This
cost, combined with t.he interpreter's estimates of the correctness of the re-
port, can help the commander choose a course of action. Research on useful-
ness of this approach has focused on the interpreter's ability to estimate
the required probabilities and on the decisionmaker's ability to estimate the
costs associated with errors.

Operational Applications

The usefulness of reports received from the interpretation system can be
controlled by the G2 through adjusting the acceptable cost level based on
mission requirements. A low acceptable cost level results in fewer reports
of greater accuracy; a high acceptable cost level results in more reports of
lower accuracy.

If the interpreter is no better than moderately good in stating confi-
dence (probability of error), use of a second interpreter to check the work
of the first interpreter will improve confidence validity.

If information is available from other intelligence sources, image in-
terpreters can make more accurate confidence estimates.

Inexperienced interpreters cannot estimate successfully the probability
that a sample of targets identified on a surveillance mission came from a
specific type of unit. A computer program has been developed that can accu-
rately calculate the probabilities that certain targets came from specific
units.

CHANGE DETECTION IN IMAGE INTERPRETATION

Change detection provides the commander with valuable insight into the
enemy's intent and capabilities. flow well image interpreters perform change
detection varies depending on several aspects of the imagery. Fot example,
departures from congruence (same scale, same flight path, etc.) of early and
late coverage degrade change detection performance. Research has been com-
pleted on several techniques to enhance change detection performance.

)q I



Oerationa Applications

Mission planning should consider controlling for the equivalence of
early and late area coverage.

Provision of variable orientation and magnification equipment to compen-
j• sate for scale and orientation differences between early and late coverage

improves change detection performance.

Annotating targets on the early imagery increases the number of correct
change detections.

Combined use of annotation and target lists for the early imagery maxi-
mizes the number of correct change statements, but with some increase in
working time (time may not be a factor in an automated facility).

MENSURATION AND COORDINATE DETERMINATION

One critical task in image interpretation is measurement, e.g., plotting
area coverage, determining the size of objects, and providing ground location
data. Some tasks can be automated, but a manual backup is usually necessary;
other tasks still require an interpreter. Measurement accuracy is usually
necessary to determine if a target is properly identified, if it can be hit
by artillery, and if the derived intelligence allows the commander to prop- -4
erly assess the enemy situation. A number of experiments using different
types of imagery and utilizing interpreters with different experience levels ?7

have been performed to determine the magnitude of errors that occur under
various conditions. Some of this work included using the Analytical Photo-
grammetric Positioning System (APPS).

Operational Applications

Within a particular operational unit, the most accurate (in terms of
measurement) interpreters should be used for critical measurement tasks.

Interpreters can oe trained easily to accurately read out the pertinent
coded reconnaissance data to insure a manual backup capability.

Additional training significantly improves the accuracy of coordinate
location on SLAR imagery; however, the errors obtained by manual means are
still excessive. Only interpreters with the proven ability to locate targets
accurately should be used operationally with SLAR imagery.

Locations remote from terrain features identifiable on both mission and
data base imagery cannot be transferred visually with consistent accuracy.

The most accurate location data can be determined from vertical or near

vertical photographic mission imagery.

The reduced resolution of paper prints results in lower location accu-
racy than that obtained from transparencies in some cases.

i ..xv



Points on terrain features in vertical, oblique, high-panoramic, and
low-panoramic photographic missions can be transferred to the data base with
a ground error of less than 20 meters CPE (Circular Probable Error). Points
200 meters distant from mutually identifiable terrain features can be located
within 20 meters CPE on vertical photographic missions only.

Old data base imagery makes transfer difficult because manmade changes
have occurred in the interim. Similarly, changes due to seasonal variations
also make correlation difficult.

Point transfers can be made with useful accuracy to a photo data base
from radar and infrared reconnaissance imagery that has a wide range of
scales and ground resolutions.

For some imagery types, points remote from identifiable terrain features
on both sets of imagery cannot be transferred visually with consistent accu-
racy. However, they can be transferred using the indirect transfer tech-
nique. Compared to direct transfer, this technique takes about 5 minutes
longer.

TRAINING AND PROFICIENCY MAINTENANCE

Training is a continuing process in developing proficiency in image in-
terpretation. The image interpretation course at the U.S. Army Intelligence
Center and School (USAICS) provides training in basic interpretive skills;
these basic skills need to be expanded with training in unit skills, inter-
action with more experienced interpreters, familiarization with relevant pub-
lications, and other means. Several. ARI research efforts have been concerned
with upgrading and maintaining interpreter proficiency. The techniques are
particularly applicable for on-the-job training, although they can be applied
to more formal training situations.

Operational Applications

Search speed can be improved by training, but only at the expense of
fewer detections or more errors.

The search time and the number of false target detections can be reduced
by training with an error key. Systematic development and use of error keys
at the school, on-the-job, or both should be initiated.

Precise feedback produced greater learning than did other methods; how-
ever, it may be impractical in operational units (but not in the school).

Team consensus feedback can increase target identification proficiency
and reduce the number of false target detections. Teams of heterogeneous
proficiency show greatest gains in learning.

Effective school and on-the-job training in target identification can be
provided with a minimum of instructor participation using operational imagery
as the basic instructional material. Immediate feedback on right and wrong
arswers is vital.

xvi
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1MWE:. INTERPRE;;TATION KEY DEVELOPMENT

The availability of references (keys) for relevant military targets may
be critical for accurately :dentifying potential targets and for reducing in-
ventive errors and errors of omission. These references are also used for
training in the school and on-the-job proficiency maintenance. Both the type
of key and the format affect the usefulness of references. ARI has investi-
gated the types of errors made by image interpreters and has developed and
tested both formats and types of keys. In each case, actual improved inter-
preter performance (increased speed or accuracy or reduced error rates) was
the basis for the recommendation on keys.

Operational Applications Tq

Error keys reduce inventive errors and omissions in image interpreta-
tion. Error keys are most useful if they are developed for a specific geo-
graphical area so that they include objects common to that locale.

Error avoidance training using error keys should be incorporated into 7
formal training and on-the-job training of image interpreters. _

Line drawings are as effective as photographs in interpretation keys.

Viewing angle is not a significant factor in interpretation keys.

Reduced scale of key pictorials does not affect accuracy but may in-
crease the time requirement for image interpretation.

An information data base (on chips or microfilm) can be used effectively

as an interpretation key or in training.

The Mini-Y',y concept should be used for training and operations.

RECONNAISSANCE RESOURCE MANAGEMENT AND UTILIZATION

Effective reconnaissance resource management is becoming increasingly
complex as the number and capability of available resources increase. A com-
prehensive survey of the present and projected future duties of the G2 Air
officer (now the surveillance and reconnaissance officer) and image inter-
preter personnel was completed. The finding of significant gaps in the
training of the G2 Air officer prompted development of the "Aerial Surveil-
lance and Reconnaissance Manager" handbook. A related effort indicated that
tactical commanders need a better understanding of the capabilities and limi-
tations of the aerial surveillance and reconnaissance system and the role of
the G2 Air officer. The "Combat Commander's Guide to Aerial Surveillance
and Reconnaissance Resources" was developed to meet this need. Both publica-
tions underwent field evaluations and received largely favorable reviews.

xvii
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Operational Applications

Both publications have been used in various U.S. Army schools and units
for training and reference in aerial surveillance and reconnaissance use.

xviii
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This report summarizes the image interpretation research conducted by
the U.S. Army Research Institute for the Behavioral and Social Sciences (ARI)
between 1970 and 1980. Most research was performed in response to specific
military requirements for either operational or developmental image inter-
pretation systems.

FACTORS AFFECTING IMAGE INTERPRETATION COMPLEXITY

A report (Hontgomery et al., 1980) describing a model of imagery
interpretation processing explains imagery interpretation as follows:
"Imagery interpretation is a highly skilled profession with areas of spe-
cialization. As in any intelligence field, the interpreter must adapt rap-
idly to the changing world situation, as well as to the burgeoning imagery
collection capabilities and changes in tasking." The following' section
briefly reviews the increase in collection capabilities. S

Remote Sensor Systems 4

Collection capabilities for the photographic sensor system alone have
increased tremendously. During the Civil War, single photographs were taken
for surveillance purposes from captive balloons. In World Wars I and II, im-
proved aerial cameras borne by reconnaissance planes flew many aerial mis-
sions. In Vietnam, the number of photographic missions flown overloaded in-
terpretation capabilities.

In addition, other sensor systems were used to acquire imagery for in-
telligence purposes. Infrared scanners--both downward-looking and forward-
looking infrared; side-looking airborne radars (SLAR) flown in both the fixed 1
target indicator (FTI) mode and the moving target indicator (MTI) mode; and
low-light-level television sensors joined the photographic sensor in the re-
mote sensor inventory. Each added sensor presented unique problems to the
image interpreter in analyzing sensor records.

Sensor Displays

Sensor displays changed from being recorded on photographic film only to
being on film or displayed as a transient image on a video display. The
video displays were often recorded on both film and video formats; however,
if real-time interpretation were desired, the video display had to be inter-
preted. The quality and basic visual characteristics of the video display
differed from that of the filmed version, making the interpretation task more
difficult. The quality of these transient displays may be further degraded
because of bandwidth limitations on transmitting from aerial platforms to the
ground terminals. Military operations place great demands on available
transmission bandwidth. Broad, clear-channel frequencies for transmitting



sensor acquisitions iLn analog format: will be seldom available. Currently,
the use of digitized sensor detections transmitted at compre:ssed bandwidth is
being explored.

INTERPRETATTON TOOLS AND ASSISTS

The foregoing technological improvements have greatly increased the
amount of imagery available for intelligence purposes. The image interpreter
is the potential bottleneck in the information acquisition process. A
variety of equipment has been developed or proposed to facilitate the inter-
pretation process available.

Manual Facilities

In the manual mode, the interpreter may function with limited aids.
Transparencies may be viewed on a backlighted display device equipped with
reels for transporting the film over the lighted surface. Tools included in
the image interpretation kit--slide rule, magnifiers, pocket stereoscope,
measurement scales, reticles--are used in interpretation. The interpretation
report may be handwritten or typed and sent to the appropriate headquarters
by messenger or phone.

Automated Facilities

Several generations of automated tactical imagery interpretation facili-
ties have been developed and fielded. These facilites speed up the mechani-
cal phases of image interpretation. A computer-linked automated viewing de-
vice permits image magnification, rotation, determination of coordinate data,
size measurement, and many other features. Reporting can be done ly tele-
typewriter, with format stored in computer memory, or by using a cathode ray
tube (CRT) display and typewriter keyboard, with the report sent electroni-
cally to the appropriate headquarters. These devices help the interpreter
perform the rudimentary tasks involved in image interpretation. Regardless
of the mode of interpretation, the actual detection and identification of ob-
jects of tactical interest depend on the skill and experience of the inter-
preter. Sophisticated equipment may facilitate the interpretation process,
but it cannot accomplish interpretation at present, nor will it in the near
future.

THE IMAGE INTERPRETER

In an automated facility, the assists provided to the interpreter can
increase the timeliness of the reports generated, improve the accuracy of
measurements and computations, and provide reference materials in a rapid and
efficient manner. Perceptual judgments may be enhanced by improved viewing
conditions, but the completeness and accuracy of the final report will pri-
marily depend on the interpreter's aptitude, training, experience, and moti-
vation. These human factors contribute to the excellence of the end-product.
Thus, the selection of interpreter trainees, formal training in image
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interpretation, on-the-Job trainina after assignment to an operational .inter-
pretation unit, job s:;atisfaction, and s;o forth are all. viable areas of image
interpretation research. Most research efforts described in this review
focus on the human factors judged to be important determinants of i.mdge in-
terpreter performance.

REVIEW 0F' ARI IMAGE INTERPRETATION RESEARCH

BACKGROUND

ARI research prior to FY 1970 has been summarized by Birnbaum, Sadacca,
Andrews, and Narva (1969). For this review, ARI research investigations be-
tween FY 1970 and FY 1980 were grouped into 11 categories. Within a cate-
gory, each investigation is briefly described and a list of possible oper.-
ational and research applications is given. The last two sections of the
report contain a compilation of all operational applications and research
recommendations.

Interpreters participating in much of the ARI r-search were recent
graduates of the Image Interpretation Course at the U.S. Army Intelligence
School at Fort Holabird, Md., which is now given at the U.S. Army Intelli-
gence Center and School (USAICS) at F,'ort Huachuca, Ariz. When interpreters
with extensive experience were required, operational units willingly provided
them. In this review, the source is stated only when experienced interpre-
ters participated in the experiment.

The research frequently evaluates interpreter performance on the basis

of the completeness, accuracy, and speed with which the required information
was extracted from the imagery. Speed is measured by time in the normal way. ILI
However, completeness and accuracy have specific meanings and are defined as
fo] lows:

COMP:LET[ENESS Number of Correct Responses i 00=OPEF.M,3 x 100. •
Total Number Possible

ACCURACY = Number of Correct Responses x ]00.
Number of Correct Responses 4 Number of Wrong Responses

The objective measurement of the validity of the interpreter's report in
terms of accuracy and completeness requires a relatively exact knowledge of
what military equipment or other items of tactical interest were actually on
the ground during the time the imagery was collected. The aerial reconnais-
sance mission may have been flown over terrain where exact information was
available concerning what was on the ground; this is called "ground truth."
When ground truth was net available, several expert interpreters performed a
careful, individual, interpretation of the imagery. They then checked their
results with each other and arrived at a consensual list of objects that are
contained on the imagery; this is known as "image truth." Most of the fol-
lowing research depended on this latter method.

3. .
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RESARCII AND OPERVRAITONAL SUPPORT MATERIAJ.S

This category does not concern actual research efforts in i 'mage inter-
pretation. The reports reviewed are concerned with the preparation of sup-
port materi.als that lacilitated researc.h and/or operational activiLties.

Enteroretation Model

Recent work (Montgoomery et al., 1980) has resulted in All Inhagery
Interpretation (IMINT) Production Model based on published references, site
visits to strategic and tactical interpretation facilities, and interviews
with operational image interpreters at all levels. The ultimate objective of
this investigation was to define functions that take place within inter-
preters as they develop intelligence information. The mechanical, observable
activities interpreters must perform are defined and described in publica-
tions, but how they do these tasks has not been defined. Knowledge of these
cognitive and judgmental processes will (a) facilitate efforts to evaluate
training programs and training doctrine, (b) provide criteria to develop and

evaluate advanced system designs, and (c) aid in personnel selection, motiva-
tion, and career planning. Research summarized in this review deals primar-
ily with the outward manifestations of these cognitive and judgmental fac-
tors, not with the definition of these covert processes.

Target Acquisition Tests

Joint Task Force Two (JTF-2) was organized by the Joint Chiefs of Staff
to conduct a series of coordinated and integrated to.sts to determine the
capabilities and vulnerabilities of offensive and defensive reconnaisssance
systems in the low-altitude flight regime. ANmong other objectives, Test 4.4
of the test program was designed to measure the target acquisiti.on capabili-
ties of both the aerial observer and image interpretation systems in repre-
sentative aircraft systems under visual flight conditions over rolling
terrain.

ARI was requested to develop material to standardize reporting termi-
noloqy and to acquaint aircrews and image interpreters with the characteris-
tics of the different target complexes. ART prepared a booklet that con-
tained a Target Reporting Terminology List (section A) and a Target
Recognition Key (section B) (Army Research Institute, 1969). The Target Re-
porting Terminology List specified the names of the various target complexes
and identified the vehicular and/or equipment content of each target com-
plex. The Target Recognition Key presented these same target complexes in
oblique and vertical views accompanied by annotation of target items in each
complex, descriptions of the vehicles and items of equipment shown, descrip-
tion of the target environment, and factors useful for making identifica-
tions. These booklets must have been useful to the aircrews participating iln
Test 4.4 because few were returned after the test.
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Estimatinq Vertical Photographic Ground Coverage

An ARI memorandum (Jeffrey, 1972) based on data from several image in-
terpretation publications'provides tabular information to assist in mission
planning and in research. Two tables in the report make it possible to esti-
mate the linear and area coverage obtainable on 25 feet of 70mm film using a
vertical camera equipped with one of three specified focal length lenses, at
altitudes ranging from 500 feet to a maximum of 21,000 feet. Area coverage
is given in square meters for four different conditions--no overlap and no
sidelap, no overlap and 10% sidelap, 60% overlap and no sidelap, and 60%
overlap and 10% sidelap. The coverage for 5-inch film and 9½-inch film can
be approximated from the values given for 70mm f.'.n by multiplying by 2 and
4, respectively. The report can be used to determine the mission altitude
and/or lens focal length required to obtain imagery of a desired scale.

The report also provides estimates of target identifiability as a func-
tion of ground resolution. This value, plus system resolution, can be used
to determine the combination of altitude and focal length required to estab-
lish mission parameters, which provides reasonable assurance that the re-
quired targets will be identifiable on the acquired imagery.

Operational Applications. The current presentation has combined the in-
formation from several sources into a single source and may be useful to both
mission requestors and planners in specifying altitude and focal length to
obtain desired coverage of sufficient quality.

Res.earch Recommendations. None.

IMAGE INTERPRETABILITY

Accuracy and Completeness as a Function of Time

Obviously, if the time allotted to interpret imagery containing a large

number of targets is very brief, the completeness index will be rather low.

On the other hand, the accuracy index could be quite high because the inter-

preter would find the easy targets first--the hard targets would not be at-

tempted. These relationships will vary depending on image characteristics.

The research objectives of this report were to determine the relation-

ships among accuracy, completeness, and time under selected conditions and to
obtain parametric data concerning these variables (Martinek & Hilligoss,
"1972). Thirty-six nonstereo, vertical, positive photographic transparencies
were used. Nine photographs contained U.S. Army tents and vehicles at each
of four scales--l:1,000, 1:2,000, 1:3,000, and 1:5,000. Three levels of tar-
get density and three levels of target concealment were represented among the
nine photographs so that each photograph had a different combination of tar-
get density and target concealment. Image interpreters analyzed this imagery
under varying time allowances. Curves for completeness versus time and accu-
racy versus time were prepared from these data. Empirical quadratic equa-
tions were determined to provide the best fit to these data. Curves for the
completeness index showed that completeness rapidly increased over time and
then leveled off. The curves for accuracy versus time were not as consistent
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but generally decreased with time. The results obtained were considered ten-
tative and to be used with caution.

Operational Applications. More precise information concerning the rela-
tionship among accuracy, completeness, and time could be used in the follow-
ing ways:

* If the effects of specific image characteristics on the accu-
racy, completeness, and time required for interpretation were
known, then the interpretation time needed to attain the com-
mander's desired level of accuracy or completeness could be
specified for a given mission. Greater precision would be possi-
ble if ability parameters for the interpreter doing the task
could be included in the prediction.

e Assignment of interpreter personnel to facilities and the number
of reconnaissance missions flown could be based on the com-
mander's estimated levels of accuracy and completeness needed
within specified response times.

Research Recommendations. Research should continue to study photo-
graphic imagery under a wide variety of operational conditions.

Research is needed to determine how interpretation accuracy, complete-
ness, and time are altered by image characteristics for sensor systems other
than the photographic sensor.

Estimating Interpretability from Image Quality

Image quality is a central factor in determining how much intelligence
information can be extracted from a reconnaissance/surveillance mission. If
it were possible to assess the quality of the imagery as soon as it was pro-
cessed, the intelligence officer could estimate whether the imagery would
permit the interpreter to extract the required intelligence information. If
not, the mission could be rescheduled without spending time trying to inter-
pret imagery'of inferior quality.

Image quality can be assessed empirically using special equipment and
computational methods. This equipment is rather bulky and is more often
found in laboratories than in field installations. A way to subjectively es-
timate the quality of the imagery would be more useful. In this section, ARI
research toward this end is reviewed.

A previous summary (Birnbaum, Sadacca, Andrews, & Narva, 1969) reported
the development of the ARI Image Quality Catalog. This catalog contains
231 photographic transparencies, mounted 11 to a page with all images on the
same page at the same image scale. The upper left image on a page is the
sharpest; sharpness declines from left-to-right and top-to-bottom of the page.
Seven image scales are used, ranging from 1:2,000 to 1:14,000 by even thou-
sands. There is a separate section for each scale in the catalog. There are
three scenes and consequently three catalog pages for each image scale. The
three scenes differ in scene complexity--low complexity, medium complexity,
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and high complexity. Scene complexity refers to the presence of terrain fea-
tures that might be confused with targets by an interpreter. A flat, arid
region without vegetation would be an example of a low-complexity scene.
These three scenes, each with 11 images of varying sharpness for each scale,
multiplied by seven (the number of image scales) make up the 231 images in
the catalog.

Imagery of the quality of each chip was interpreted, and data on the
accuracy of target detection and target identification are tabled for use
with the catalog. In use, the interpreter determines the scale and scene
complexity of the mission imagery so that the proper page of the catalog can I
be found. The final step is to compare image sharpness of the mission
imagery with the 11 catalog chips on the page. Once this is done, the table
is used to obtain the accuracy estimates for target detection and target
identification. Interpretability estimates based on the comparison with the
catalog images were found to correlate substantially with actual performance
in discriminating target areas from nontarget areas and in target identifi-
cation accuracy. For trained interpreters, the correlation coefficients were
.77 and .54, respectively. For inexperienced interpreters, the respective
coefficients were .70 and .51. A

Operational Applications. The Image Quality Catalog can be used to pre-
dict the possible accuracy of target detection and identification with con-
siderable effectiveness. Relatively inexperienced interpreters can accom-
plish this estimation of mission interpretability.

Research Recomnmendations. Research to refine the catalog procedure for
assessing imagery interpretability should be continued, especially for new
types of imagery.

Research (Clarke, Welch, & Jeffrey, 1974) extending the above approach L-j
sought to isolate additional factors of image quality that are important as
determiners of interpretability. Photographic imagery in the film libraries
of several agencies was screened to determine the most frequent causes of
image degradation. From this survey, three dimensio-s were selected: image
scale, haze (due to atmospheric attenuation), and ii.., motion (resulting
from poor image motion compensation or aircraft movement due to turbulence).
Four levels of scale, three levels of haze, and four levels of image motion
were used in the experiment.

Imagery was pre'ar.ed, using laboratory manipulation, to represent 13 of
the 48 possible experimental. image conditions. Thirteen unique scenes, each AI
'scene treated to represent each of the 13 experimental conditions, resulted

in -he production of 169 image variants. GRD estimates for the 13 treatment
conditions were computed, and estimates of detection performance were pre-
dicted from these data.

In a parallel. expe.riment (Clarke, Welch, & ,Jeffrey, 1974), a target at-
ray was fabricated using geometric shapes positioned on background panels of
"black, white, and gray. Photographs of this array were degraded with respect Yj
to scale, haze, and image motion to the same levels as the imagery in the
main experiment. Simila- tests were conducted to determine interpretability.

% ! . ... ... . . .....:
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The use of a model was explored as an inexpensive method of examining several.
variables under controlled conditions. 7

As an ancillary experiment, the experimental imagery was rated against
the ARI catalog by another group of interpreters, and the detection and iden-
tification accuracy were predicted from the catalog data. These predictions
were compared with the obtained detection and identification performance of
the interpreters. Results included the following:

" The experimental variables--scale, haze, and image motion--over
the ranges employed had little effect on image interpreter per-

formance when considered singly. However, these effects were
marked when more than one form of photo quality degradation was
present on the same photograph.

" A simple detection model based on ground-resolved distance
(GRD) fitted observed data quite well. Indexes of interpreter

performance yielded correlation coefficients of .84 or higher
with the calculated ground-resolved distance model.

" Rank difference correlation coefficient between the ARI image
catalog data and detection accuracy was .84, whereas that with
target identification accuracy was .81 between predicted and ob-
served scores.

" Imagery using geometric objects as "targets" was demonstrated to
be useful for the study of image degradation on interpreter per-
formance and has the advantages of economy, simplicity, and
reproducibility.

Operational Applications. The ARI Image Quality Catalog method can be
used to predict expected performance. These predictions can be used to de-
termine if new imagery is required to meet the commander's needs, to select
which frames in a mission should be interpreted and in what order, and to
help the manager of an II facility determine workload requirements.

Mizsion planners and sensor designers should consider the interactive
effects of scale, haze, and image motion on interpretability in initial plan-
ning stages.

Research Recommendations. Research should continue on the development
of an easily used, subjective measure of image quality that provides esti-
mates of interpreter performance for any imagery obtained under normal oper-
ational conditions.

Utility of fabricated target arrays for exploratory research should be
evaluated. This low-cost approach will provide a way to achieve control over
several troublesome factors. Final validation of promising factors will re-
quire operational types of imagery, targets, and image interpreters.

9
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Jeffrey (1973) rescored and reanalyzed the data collected in the previ-
ous experiment. The primary purpose of this reanalysis was to obtain data
that would permit tests of significance among the various treatment means.
Results of this reanalysis revealed the following:

* Unidimensional degradation of photo quality does not signifi-
cantly reduce the level of detection completeness and accuracy,
whereas multidimensional degradation let .rs detection
performance.

* Any degradation of photo quality, unidimensional or multi-
dimensional, significantly reduces the accuracy and complete-
ness of target identification.

* The effect of degradation of photo quality, by haze or blur, is
more pronounced for small-scale imagery than for large-scale
imagery.

* Degradation of overall target detection accuracy was due more to
erroneous classification of nontargets as targets (errors of in-
vention) than to classification of targets as nontargets
(omissions).

Operational Applications. The largest scale imagery practicable should
be acquired because image quality degradation produces a greater loss in in-
terpreter performance for small-scale imagery than for large-scale imagery.

In general, target detection and identification performance for imagery
degraded on only one dimension is significantly superior to that for imagery
degraded on more than one dimension. This may provide guidance in assigning
missions to interpreters or in requesting that the mission be flown again.

Research Recommendations. Research on the effect of atmospheric haze as
a dimension of photo quality should be defined and quantified; also, its ef-
fect in interaction with the quality dimensions of the ARI catalog--image
scale, image sharpness, and scene complexity--should be determined so that
the haze dimension can be appropriately integrated in the Image Quality
Catalog.

Researcf should be conducted to empirically determine the relative
merits of alternative techniques (such as the National Imagery Interpreta-
bility Rating System (NIIRS)) for predicting image interpretability. Quanti-
tative and subjective techniques should be included.

Interpretability of Color Photography

The addition of a "dimension" such as color to photography theoretically
should imnprove interpreter performance. However, the added cost and process-
ing time associated with color must be compared to the actual increase in
performance to determine the overall cost effectiveness.

10
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One investigation (Jeffrey & Beck, 1972) explored the usefulness of
color photography as reconnaissance imagery. Conventional color imagery was
compared to total optical color (TOC) imagery. This second imagery is taken
on standard black-and-white film, which eliminates the need for sophisticated
processing equipment required for conventional color film. The color infor-
mation is coded on the black-and-white film using a special grating on the
camera, and the color information is then reconstituted by a special viewer.

Five measures of performance were evaluated: (a) identification accu-
racy, (b) identification completeness, (c) detection accuracy, (d) detection
completeness, and (e) mean time per slide. A questionnaire was used to
assess interpreter opinion on the desirability of using each of the three
ways of acquiring reconnaissance imagery--black and white, conventional
color, or total optical color.

The experimental results showed that:

" The only performance index showing significant difference be-
tween chromatic and achromatic image quality was the mean time
per slide required for interpretation. Conventional color re-
quired 89.2 seconds, total optical color required 87.2 seconds,
and black and white required 106.4 seconds.

"* The questionnaire responses indicated that interpreters believed
color was better than TOC and both were better than conventional.
imagery for interpretation of detail. However, actual perform-
ance indicated no difference in interpreter performance, casting
some doubt on the use of questionnaire responses in this case.

Operational Applications. System designers should consider that color
adds a dimension to image quality that permits interpreters to extract intel-
ligence information from such imagery in less time than is required with
black-and-white film.

Research Recommendations. Additional research to validate the useful-
ness of color reconnaissance imagery should be conducted using a wide range
of conditions typical of operational use, e.g., differences in targets, ter-
rain, and weather. A cost-effectiveness analysis comparing interpreter per-
formance, processing costs, viewer costs, etc., should then be made to
determine the operational value of the three types of imagery.

Color mixture for the TOC viewer can be set to provide pseudo-color.
Research should be undertaken to determine whether this capability has any
merit for image interpretation.

Infrared Image Interpretability and Acquisition Parameters

The quality of an infrared image depends upon a different set of acqui-
sition parameters from those important for a photographic image. The record-
ing ability of an infrared sensor system depends upon its thermal sensitiv-
ity, spatial resolution, field-of-view, and so forth. The altitude of the
sensor platform, the type of target imaged, and environmental conditions
(time of day, weather, vegetation, terrain, and so forth) are all important
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determiners of the quality of the imagery obtained. The ultimate test of the
usefulness of any sensor system is the ability of an image interpreter to ex-
tract intelligence information from the sensor output. Little quantitative
information is available on the concomitant changes in interpreter perform-
ance as a function of change in acquisition conditions for infrared imagery.

Research (Root, Myers, & Narva, 1974) was conducted to investigate the
influence of various factors involved in the acquisition of infrared imagery
on its interpretability. Sets of infrared imagery were assembled presenting
selected combinations of the acquisition parameters of sensor altitude, time
of acquisition, aspect angle, detector, filter, and film format. Other pa-
rameters involved, lut not subjected to systematic variation, were sensor
system, target characteristics, and environmental characteristics. Ninety
trained but inexperienced image interpreters were given a brief training
course on the interpretation of infrared imagery prior to analyzing the ex-
perimental test imagery. For each of four images, each interpreter performed
three tasks. The first task required the interpreter to detect and identify
as many targets as possible within a 15-minute time limit (the "free search"
task). The second task required identifying targets in the image after the
targets had been designated to the interpreter (the "directed search" task).
The third task required the interpreter to answer detailed questions about
designated targets. Interpreter detection and identification completeness
and accuracy were determined for the free search task, and identification
correctness was determined for the directed search task.

Specific results have a Confidential security classification and cannot
be presented in this unclassified summary. The information obtained may be
useful in indicating situations where imagery acquisition is useless, where
acquisition factors may be varied to obtain the needed level of interpreta-
tion performance, or where training is necessary to bring performance to ac-
ceptable levels. Reliable information of this type has important ramifica- 2
tions for engineering developments in sensing systems and their components,
mission planning, design of interpretation aids, and training. 4

Operational Applications. The results obtained have implications for
planning infrared missions so that the imagery obtained may be effectively
interpreted.

Research Recommendations. The investigation of acquisition conditions
and their effect on the interpretability of infrared imagery should be ex-
panded to include conditions not varied in the initial experiment--that is,
sensor system, target characteristics, and environmental characteristics.

NEAR REAL-rImE IMAGERY INTERPRETATION

General

Currently, most photographic sensor systems do not allow real-time in-
terpretation because of the unavoidable delay in processing the film. Oper-
ationally, bandwidth limitations may prohibit the transmission of high-
quality inflight processed imagery to ground stations. Degraded imagery may
be useful for screening purposes, however.
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Screening Moving Photographic Imagery

Research (Lepkowski, 1978) was conducted to determine the accuracy and
thoroughness of interpreter screening performance for moving photographic
imagery varying in ground resolution, presentation rate, and scale. Photo-
graphi.c positive transparencies of 70mm format at four known ground resolu-
tions (8 inch, 12 inch, 16 inch, and 24 inch) for two image scales (1:2,000
and 1:4,000) were screened for wheeled and tracked vehicles by 48 image in-
terpreters--eight interpreters screening at each of six different presenta-
tion rates (.8, 1, 1.5, 2.0, 4.0, and 6 seconds per frame). The rolls of
70mm imagery contained 50 target and 50 nontarget frames. Interpreters
classified each frame as a target or nontarget frame. Performance was evalu-
ated in terms of the number of frames correctly classified in each roll
'screening accuracy) and the total number of frames classified--correctly or
incorrectly--in each roll (screening thoroughness). Results showed the fol-
lowing:

* For screening accuracy--frames per roll correctly classified:

- Mean accuracy varied with presentation rate from about 64% at
.8 seconds/frame to about 73% for 6 seconds/frame.

- Mean accuracy was about 67% for small-scale imagery and about
77% for large-scale imagery.

- For each image scale, two-power image magnification resulted
in significantly poorer mean accuracy than that obtained
without magnification.

- Mean accuracy varied with image resolution from about 67% for
24-inch resolution to about 74% for 8--inch resolution.

9 For screening thoroughness--frames per roll classified (right or
wrong):

The interpreters were able to respond at a near 100% level
for all presentation rates and at all resolution levels for
both image scales with and without magnification.

Operational Applications. The factors of image resolution, presentation
rate, and scale are important in the design of interpretation displays and
related doctrine.

Possible tradeoffs among these factors should be considered also. For
example, screening accuracy for poor resolution imagery can be increased for
presentation rates in the range from .8 to 2 seconds/frame by increasing
viewing time per frame. Beyond 2 seconds/frame, increasing viewing time does
not increase screening accuracy.

Research Recommendations. Research conducted in this area should be co-
ordinated with that suggested under real-time interpretation, where the use
of bandwidth compression as a technique for cutting bandwidth requirements
was evaluated (Martinek & Zarin, 1979).
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Near Real-Time Interpretation of Infrared Imaery

The Joint Inflight Data Transmission System (JIFDATS) provided the real-
time transmission of infrared (IR) and side-looking airborne radar (SIAR) de-
tections to ground stations. The time delay from real-time, caused by the
film processing, is relatively brief with current rapid film processing tech-
niques. Effective exploitation of this rapid availability of imagery may re-
quire new interpretation techniques in order to minimize the elapsed time
from receipt of the imagery to the submission of the interpretation report.

Research (Ray, King, & Narva, 1980) was conducted to conceptualize--
within the constraints of the JIFDATS and an envisioned advanced Tactical
Imagery Interpretation Facility--several promising interpretation methods
for deriving intelligence information in near real-time and to test these
under load. Specifically, four one-person and four two-person methods were
devised and tested, each under two levels of film input rate (.5 and
1.0 inches per second). The one-person method employed different combina-
tions of film speed control (available versus not available), length of view-
ing window (10 inches versus 20 inches), target designation method (marking
on film versus inputting by pushbutton keyboard), and requirement for and
method of reporting target location (none, verbal report of target coordi-
nates estimated from UTM coordinates recorded on film margin, or superposi-
tioning measuring reticle over target with automated report). Two-person
methods differed on the availability of film speed control and the decision
criteria used (governing whether or not the interpreter should report a tar-
get) for the initial man of the team and the associated rescreening strategy
of the second team member.

Forty-eight image interpreters analyzed three rolls of 5-inch format
infrared imagery. Performance was analyzed on the basis of target detection,
target. identification, and time required. Results indicated the following:

o When interpretation time was disregarded, there were no signifi-
cant differences among the one-person methods with the exception
that target misidentifications were reduced by both the use of
the 10-inch viewing window (with no reporting requirements) and
the use of a magnifying reticle to report target location.

* Use of a reticle to report target location significantly de-
creased detection accuracy and completeness achieved pei
unit time.

* The incorporation of the film speed control option did not sig-
nificantly affect detection or identification performance for
either one- or two-person methods.

o Differential emphasis on interpretation accuracy or completeness
for the initial team member produced no significant effects for
the two-person methods of interpretation.
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Operational App-lications. Based on the experimental conditions tested,
variable film speed control is not required operationally because it did not
affect performance.

A reporting procedure incorporating the placement of a reticle over the
target inherently permits greater target location accuracy than that obtained
from target location estimates made by the interpreter from coordinate data
annotated on the film margin. In addition, use of the reticle decreases tar-
get misidentifications. However, the procedure also involves a time lag that
may be significant relative to other less accurate target location
procedures.

Research Recommendations. Research should be continued in the search
for methods to minimize the time required for interpretation and target loca-
tion using near real-time.

Near Real-Time Interpretation of SLAR Imagery A_

Directed search and free search tasks were used in research (Kause,
Thomas, & Jeffrey, 1973a) on interpreter ability using side-looking airborne
radar (StAR) imagery in near real-time. The interpreter was required to
identify the annotated objects in directed search and to determine the map
coordinates of these targets. In the free search task, the interpreter had
to detect the targets, identify them, and determine their map coordinates.
The coordinate determination performance is described in the photogrammetric
procedures section of this report. Eight SLAR negative transparencies, each
covering an area of about 100 statute miles in length, were used in data col-
lection. Four were acquired by the Army slant range radar (AN/APS-94) and
four by the Air Force ground range radar (AN/APQ-102A). Two SLAR runs from
each radar system were used for the directed search task, and the remaining
four were used for the free search task. Each radar run included the fixed
target indicator (FTI) mode and the moving target indicator (MTI) mode.

The Army surveillance aircraft flying at 200 knots equipped with the
AN/APS-94 sensor recording an image scale of 1:500,000 along the flight line
produces about ½ inch of imagery per minute. A flight run of about 100 stat-
ute miles takes about 26 minutes. To simulate the near real-time condition,
study interpreters were allowed 25 minutes to analyze each run. These inter-
preters had an advantage over the airborne sensor operator because they could
view the entire run at one time; the airborne sensor operator must view the
imagery as it comes from the film processor.

Interpreter performance was evaluated in terms of the accuracy and com-
pleteness of target identification for the directed search task and for the
accuracy and completeness of target detection and identification for the free
search task. Results showed the following:

The imposed time limitation did not affect performance. The in-
terpreters completed what they could do well within the time
limit and then stopped working. Many targets in the directed
search task were not identified, and many targets in the free
search task were not detected.
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r For the directed search tas;k (target location designated o,

.image ry)

- Abou t 47qy of the target.f identifiTSed were correct". These cot--

rect identifications accounted for 38% of the total number of
targets annotated on the imagery.

e For the free search task (interpreter detects and identifies
targets) :

About 53% of the target detections reported were actually
targets specified on the target list (i.e., 47% were false
alarms) . Of the total. number of targets present on the
imagery, only 22% were detected.

Target identification performance was rather low. For the
total number of targets identified, about 20% were correct.
Of the total niumber of targets present on the imagery, less
than 8% were correctly identified.

O2erationlihplications. Interpreters require more training and ex-
perience in the interpretation cf SLdAR imagery to provide useful intelligence
infonrmation.

Intelligence analysts should be aware of the accuracy and completeness
of reports based on the present--day interpretation of SIAR and adjust their
intelligence estimates accordingly.

Requirements for information from StAR should be based on the amount of
detail that interpreters are able to extract accurately and completely.

Research Recommendations. Research should be conducted to develop
training procedures in the use of inductive and deductive cues to determine
whether a specific radar return on SLAR imagery is a target and, if so, the
type of target it is.

The ability of image interpreters to determine the coordinates of SLAR-
imaged objects was of primary interest in the foregoing research (Kause,
Thomas, & Jeffrey, 1973a) . Because coordinate deter.mination performance was
not very accurate, research (Kause, Thomas, & Jeffrey, 1973b) was conducted
to determine whether training with knowledge of results would improve inter-
preter performance in coordinate determination. A description of the train-
ing program is given in the trai ni eq and performance maintenance section of
th i.; report.

Twelve interpreters, the experimental group, took part in the four-phase
instructional program and then performed the directed search and free search
tasks. A control group of six interpreters received a 4-hour review of the
imaging properties of radar systems, and then they also performed the di-
rected and free search tasks. The time allotted for these tasks simulated
the near real-time interpretation of S.AR imagery. Results showed the
following :
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* The imposed time limit diid not affect performance.

* For the directed search task:

- About 47% of the tarqets identified were correct. These cor-
rect identifications accounted for about. 37% of the total
number of targets annotated on the imagery.

- The control group was significantly more accurate in target.
identification than the experimental (trained) group. About
54% of the control group's identifications were correct,
whereas only 40% of the experimental group's responses were
correct. Since the training given the experimental group was
to enhance their coordinate determination performance, it is
not obvious why the experimental group performed less well in
target identification than did the control group. It is pos-
sible that the experimental group devoted greater effort to
determining target location as a result of the training and
less effort to target identification.

* For the free search task:

- About 46% of the targets detected by the two groups were cor-
rect. However, of the targets available on the imagery,
about 20% were detected.

- Target identification performance was low. About 20% of the
targets identified were correct. Of theo total number of tar-
gets present on the imagery, about 7% were correctly
identified.

Interpreter accuracy and completeness performance for target identifica-
tion in the directed search task and for target detection and identification
in the free search task were almost identical for the two experiments (Kause,
Thomas, & Jeffrey, 1973a, 1973b). The suggestions made with respect to pos-
sibl, operational applicaztions and research recommendations for the previous
research (Kause, Thomas, & Jeffrey, 1973a) apply here and are not repeated.

REAL-TIME, IMAGERY INTERPRETATION

General

Real-time information concerning the enemy is essential. The artillery
forward observer linked to a fire direction center by phone or by radio I.s
one solution to this problem. Another solution is manned aircraft like the
Mohawk (OV-lD) carrying the infrared scanner (AN/AAS-24), which could provide
an inflight display of the terrain overflown and, at the same time, telemeter
this information to a ground sensor terminal where it could be viewed and in-
terpreted in real-time. Currently, remotely piloted vehicles (RPVs) are be-
ing developed for this purpose. These small, unmanned aerial platforms can Ji

carry a variety of sensor systems, including television cameras. Personnel
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at the qround ,e nisor terminal. can maneuver the RPV, change the look ang le and
fielcd-o--vi.ew (FOV) of the televi. ni on oh board the 1RPV, and extract i|itei.li-
gence informatiaon from the fleeting display. A permanent. record can be made
on videotape. -

Narrow bandwidth allocation and/or coding of transmissions are often
necessary to avoid problems. ARI. has performed research on the real-ti.we .i n-
terpretability of transmitted displays under bandwidth compression condi-
tions, a potential solution to bandwidth restrictions.

Infrared Interpretation

The Army's surveillance aircraft, Mohawk (OV-lD), when equipped with the
AN/AAS-24 infrared scanner, can present sensor detections on a cockpit dis-
play in real-time. The airborne sensor operator must scan the display and
report the information derived from it to potential users. The operator must
detect and identify not only targets but must also provide target location
data. Since the display is dynamic, the time available to perform these
tasks is limited. The purpose of the experiment (King, Cooper, & Jeffrey,
1980.) was to obtain operator performance estimates for extracting information
from such dynamic infrared displays.

The factors selected for experimenta]l manipulation were image movement
rate and the task to be performed by the observer. Image movement rate de--
pends upon aircraft velocity, scanner FOV, and aircraft altitude. To limit
the scope of the experiment, only differences in aircraft velocity and FOV
were varied. Three types of surveillance missions were represented in the ,
imagery: (a) a mi-;sion in which the targets were distributed aloun a line of
communication, such as a river or road; (b) a mission where the targets were
located at designated terrain positions; and (c) a mission where the targets
were distributed over a relatively broad area requiring the observer to
search the entire display area.

The laboratozy simulator used in the experiment employed a light table
over which infrared film could be driven at controlled rates of speed in
keeping with the aircraft velocities simulated. A closed-circuit television
camera scanned the moving imagery and displayed it on a video monitor, which
closely simulated the characteristics of the actual cockpit display. The in-
terpreter sat 18 inches from the display and wore a lavaliere microphone con-
nected to a tape recorder. The interpreter used a response-pointer with a
microswitch at one end that activated a camera to record the display and the ..

location of the pointer on the screen. When reporting a target, the inter-
preter pressed the pointer switch against the face of the video monitor
screen at the target location and orally identified the target by name. This
provided an accurate record of the interpretation for scoring purposes.
Figure 1 shows a schematic representation of the laboratory simulator.

Forty-five interpreters (nine were experienced) were given training on
each of the interpretation tasks and on the use of the equipment prior to
data collection. In scoring interpreter performance, the photo records and
tape recordings were correlated and then compared against "image truth."
Accuracy and completeness scores were analyzed. Although far from perfect,
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inter:,reters; were able to extract information from video displayj Gf ifrdred

im,•tlery under :;imulated Mohawk (t)V-1) real-titm display conditionn.

(Xperational A~,i:ationu. IResults can be used to indicate training re-
qtuirement. and to specify modifications of operator techniques and procedures
to enhance. orerator performance in the field.

RHesearch Recommendations. Research should develop assists and training
techhliquies to improve completeness and accuracy performance.

Renearch to improve the target coordinate read-out capability of the
t':1Lor:. ~May be warranted.

For laboratory simulation, videotape vecordings should be developed to
.;implify the procedure.

HPV Systems Problems

Manning requirements for ground stations for RPVs must be known to es-
tablish doctrine for determining the cost-effectiveness of the system. Re-

search' (Huntoon, Schohan, & Shvern, 1979) was conducted to obtain baseline
data on observer target acquisition performance derived from a TV display
while performing auxiliary tasks at several task loading levels that might
pertain in the use of an RPV as the sensor platform. This research showed
the degree of interference when these tasks are performed by a single opera-

tor under various conditions.

This simulation study employed a terrain model at scale 1:1,200. The
model could be traversed along specific paths by a camera transport system
carrying a TV camera viewing tank size targets, which were dispersed in open
and clutter backgrounds. The display of this closed circuit TV system was
the TV monitor viewed by the "RPV observer."

The simulated RPV flew at a velocity of 100 knots at an altitude of
2,000 feet. Three classes of targets--tanks, trucks, and self-propelled
antiaircraft guns--were to be detected and recognized. The television camera
look direction could be controlled by the observer in both pitch and yaw, and
the camera diagonal field-of-view (FOV) could be set at either 20 degrees or
5 degrees.

Twelve observers participated in a three-phase experiment. Phase A re-
quired the observers to detect and recognize the targets in open and clutter
backgrounds. Phase B required the observers to perform auxiliary tasksX
first, to correct deviations from prescribed RPV course and altitude; second,
to take appropriate action to two warning signals--correct video display
degradation and actuate simulated electronic countermeasures in response to a
warning that the RPV had been acquired by an enemy tracking system. Two
levels of task loading were used--one per 10 seconds and three per 10 sec-
onds. Phase C required that Phase A and Phase B tasks be performed simul-
taneously. Each of the six possible orders of the three phases was assigned
to two of the observers to counterbalance for practice and/or fatigue
effects.
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Results of this experiment showed the following:

o Por targets in open background, neither the probability of tar-
get detection/recognition nor the slant range to target at de-
tection/recognition was affected by changes in auxiliary task
loading.

* For targets in clutter background, both the probability of tar-
get detection/recognition and the slant range to target at de-
tection/recognition were significantly reduced by auxiliary task
loading.

* irhe probability of target detection/recognition and the slant
range to target at detection/recognition were significantly
greater for targets in open background than for targets in clut-
ter background.

* There was a significant interaction between auxiliary task load
level and target background conditions (open versus clutter) for
the probability of target detection/recognition and slant range
to target at detection/recognition.

e Time required to perform auxiliary tasks was unchanged by in-
crease in task load level when auxiliary tasks were performed
without target acquisition.

& When target acquisition tasks and auxiliary tasks were performed
simultaneously, the time required for performance of auxiliary
tasks increased significantly from the moderate to the heavy
task load levels.

Operational Applications. To insure optimum performance on either aux-
iliary tasks or visual search, both tasks should not be assigned concurrently
to the RPV observer.

Research Recommendations. Nonvisual, auxiliary tasks in response to
tactile or auditory stimulation may be possible for the RPV observer without
distracting attention from the primary task. Research to determine tech-
niques to inform the RPV observer when ancillary tasks need to be performed
should be conducted. Responses to such stimulation should be sought that do
not impose visual requirements on the observer.

Bandwidth Compression of Digitized Imagery

Of considerable importance to systems that depend on the use of trans-
mitted imagery is the research (Martinek & Zarin, 1979) to determine the ef-
fect of bandwidth compression on the interpretability of digitized imagery.
Bandwidth compression is a technique for reducing the bandwidth'requirements
for transmitting imagery in digital form to ground terminals in real-time.
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Conventional photographic imagery differing in ground-resolved distance
(GRD)--d-inch GRD, 16-inch GRD, and 24-inch GRD--was digitized and treated to I
repre.sent four levels of bandwidth compression---l:l (no compression), 4:1,
8:1. and 10:1--and interpreted by 12 experienced image interpreters. The in-
terpreters; were given 3 hours of training and practice on digitized imagery
representative of all of the experimental conditions. Interpreters were in-
structed to respond to the most detailed level possible for each target de-
tected. A target list showing five different levels of specificity was pro-
vided: Category I (Target/Nontarget), Category II (e.g., Wheeled Vehicle),
Category III (e.g., Heavy Truck), Category IV (e.g., 2½-ton Truck), Cate-
gor> V (model number from key provided). Interpreters responded to the most
precise level they felt was justified. In the case of the example, inter-
preters might have reported "Heavy Truck," because they were unable to decide
if it was a 2½j-ton truck or a 5-ton truck. Following this procedure made it
possible to score interpreter identifications at five reporting levels (I
through V)

Each interpreter analyzed the imagery in the resolution sets: 8-inch
GRD, vertical first; 16-inch GRD, vertical second; and 24-inch GRD, oblique
last. Each image set was divided into four subsets, one for each bandwidth
compression level--l:l, 4:1, 8:1, and 10:1. These materials were given to the
interpreters in counterbalanced order to control for biasing effects. Target
difficulty was controlled sufficiently for the 24-inch GRD, oblique imagery,
to permit a test of the effect c.f sun angle, image contrast, target obscur-
ity, bandwidth compression, and their interactions on interpreter perform-
ance. For the two sets of vertical imagery, sun angle, image contrast, and A
target obscurity were distributed equally across bandwidth compression
levels, but their effects could not be analyzed because of confounding with
target differences in the imagery. The number of correct identifications arid
misidentifications were analyzed for each of the five reporting levels.

The results indicated the following:

* Bandwidth compression of digitized imagery of three different

levels of ground-resolved distance--8-inch, 16-inch, and 24-

inch--reduced the number of correct responses (for several
levels of reporting precision) by experienced image inter-
preters. The largest decrease in the number of correct re-
sponses occurred between the second and third compression levels
used (4:1 and 8-1).

* Generally, bandwidth compression reduced the number of wrong re-
sponses made by interpreters.

* The following apply for the 24-inch GRD, oblique imagery only:

Target detection and identification were best for high sun J1

angle. However, sun angle had no effect on target detection 4
and identification performance for targets in the open under A
low-contrast conditions. ej
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- Target detection and identification performance was signifi-
cantly poorer for targets embedded in vegetation than for
targets in the open.

- Por the contrast range employed, image contrast produced no
effect on interpreter performance.

Operational Applications. Bandwidth compression of digital imagery de-
grades interpreter performance, particularly beyond a 4:1 compression ratio.

System users should consider the tradeoffs between different amounts of
bandwidth compression and levels of reporting precision required--target de-
tection versus precise target identification.

The effects of sun angle should be considered in mission planning.

Research Recommendations. Research is needed to determine the effects
of bandwidth compression of digitized imagery under operational conditions,
i.e., conditions involving the search and identification functions of image
interpreters, trained and experienced in the interpretation of compressed,
digitized imagery.

The interaction effects among bandwidth compression, sun angle, and tar-
get obscurity should be investigated more thoroughly under typical opera-
tional conditions, particularly for 8-inch and 16-inch GRD, vertical imagery.

MAN/COMPUTER DECISION PROCESSES

General

A previous ARI report (Birnbaum, Sadacca, Andrews, & Narva, 1969) pre-
sents a summary of research in this area conducted prior to FY 1970. As
stated there,

In a systems context, image interpreters and the system com-
puter can be viewed as components whose task is to perform their
functions so as to contribute maximally to the system output. The
system output is intended to satisfy levied mission requirements.
The study of man/computer decision processes is an attempt to in-
crease the meaningfulness and utility of the interpretation system
output by tailoring with the aid of a computer the quality and
quantity of interpreter reports to the needs of the military
situation.

Research was conducted to determine whether a general decision
model involving the evaluation of action alternatives through the
use of payoff matrices and probability estimates could be used to
help control interpreter output. The pay-off matrix states the
relative value of each action alternative (in this case, making
various alternative interpretation report jiven each possible
true state or condition (in this case, I -tual targets in the
area covered by the photographs). The mn • 1. is probabilistic in
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the sense that it admits that the true state or condition confront-
ing the decision maker is seldom positively known, and it is neces-
sary to hypothesize a set of mutually exclusive and exhaustive true
states and to estimate their relative probability (in this case,
the probability that the object being interpreted is each of the
targets for which the interpreter is searching).

The decision model exploring the utility of payoff matrices and proba-
bility estimates as a means of controlling interpreter output can be de-
scribed most readily by reference to Table 1. Section I of Table 1 shows a
sample payoff or cost matrix consisting of hypothetical data. In this ma-
trix, the "true" state is indicated by the column headings, and the row head-
ings show the possible identifications that might be reported. The "Nothing"
column heading indicates that there was nothing of tactical interest at a
designated point on the image. The "Nothing" row heading indicates that the
interpreter judged that there was nothing of tactical interest at a specific
location. This latter is the equivalent of an omission if an object of in-
terest was actually located at this point. The numbers in the body of Sec--
tion I are estimates of officers in conmand misidentifying or omitting an ob-
ject on the imagery. As !the matrix shows, there is no cost involved in
making a correct identification, and the most serious error is the failure to
report a missile, that is, reporting nothing when in fact a missile is
present.

Cost Matrix

The most recent ARI research in the determination of this cost: matrix
was summarized in the earlier report (Birnbaum, Saduuca, Andrews, & Narva,
1969). Several constraints were imposed for practical reasons: (a) the
method used must provide valid costs on an interval scale, (b) it must re-
quire no more than 4 hours of decisionmaker's time to establish all costs, and
(c) it must require neither special equipment nor lengthy training of the de-
cisionmaker for data collection. This method required the direct estimation
of the magnitude of a sample of the possible errors and the prediction of the
remaining errors by multiple regression techniques. The larger number of
errors to be judged and/or predicted and the generation of reqression weights
for the multiple regression equation required the use of a computer. Since
computers will be available in automated interpretation facilities, this re-
quirement should not be troublesome.

Probability vector in Table 1, Section Il, is an example of the second
basic factor that must be provided for the control of interpretetion output
using cost estimAtes. This probability vector is made directly by the image
in_-•zLI)reter. For each detection, the image interpreter estimates the subjec-
tive probability that the imaged object is one or more of the required tar-
gets. For probability vector (a), the interpreter judged that the probabil-
ity was .40 that the object was a tank, .20 that it was a tyuck, .30 that it
was a missile, and .10 that it was nothing of tactical interest. The sum of
these probabilities must add to unity.
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Table 1

Abbreviated Sample Matrix Showing Hypothetical Data for
Expected Costs in Image Interpretation Systems

TRUTH A

Reported
4-P

Identification 0)o .-i

U n .0 o 4 (;-u

0 0. *.- 04 0

Tank 0 2 5 4 .40 2.3

Truc-k 3 0 6 2 .20 3.2

Missile 2 2 0 5 .30 1.7

Nothing 8 4 14 0 .10 8.2

Vehicle 3 1 6 2 3.4

Weapon 3 2 4 2 3.0

Section I Section II
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When the cost matrix is weighted (postmultiplied) by the probability
vector, the expected cost column in Table ., Section II, is obtained. If the

3 decision rule is to take the identification with the smallest cost, the ob-
ject is identified as a missile even though the interpreter assigned the
greatest probability to the tank identification. The G2 may set some minimum
cost level and thereby allow a greater number of responses to be reported.
If the criterion is set more strictly, no response at all may be possible,
and some means of improving the probability estimates would be required--
other interpreters, better imagery, or collateral information.

Operational Applications. The expected cost procedure provides the G2
with control over the number and credibility of the reports received from the
interpretation facility. Setting a low acceptable cost level results in
fewer reports of greater accuracy, whereas setting a high acceptable cost
level results in more reports with a reduction in accuracy. Level set can be
changed to correspond to the operational requirements.

Research Recommendations. The shortcut method for assessing subjective
costs of large numbers of image interpretation errors should be refined and
evaluated in an operational field setting for use in conjunction with the
probability vector estimates provided by interpreters. '1

Estimating the Probability Vector 4

The estimation of the probability vector has been the subject of several
recent research projects. These have centered on the confidence judgment of
the image interpreter regarding the accuracy of specific identifications.
Previous research has shown that certain interpreters seriously overestimate
confidence, and others underestimate. Many use only a small portion of the
total scale. To enhance the usefulness of confidence ratings, techniques for
increasing their validity are required.

One experiment (Samet, 1969) used a team approach to increase confidence
validity. An initial interpreter and a second interpreter performing the
role of a checker were used. The checker examined the imaged object for each
target reported, noted the initial interpreter's identification of the object
and the expressed confidence in the correctness of that identification, then
entered a confidence estimate in the correctness of the initial interpreter's
identification. The initial interpreter reports used in this research were
contrived to represent three levels of identification accuracy and three VI

levels of confidence validity. Yj

Results showed that checkers improved the confidence validity for
initial interpreters who were poor or moderately good in estimating confi-
dence bdt detracted from the confidence validity of excellent initial inter-

preters. Interpreter confidence statements were more valid when checking
than when making initial interpretations. The checker's confidence state-
ments were affected more by variations in identification accuracy of the
initial interpreter than by confidence validity.

261 J



Operational Applications. In an interpretation facility, the confidence
validity of interpreters who are poor or moderately good in stating confi-i
deuce can be improved by having a second interpreter check the work of the
initial interpreter. For target identifications associated with large error
costs, checking the confidence statements of some of the interpreters should
be routine when time permits.

Research Recommendations. Techniques to enhance the validity of confi-
dence estimates using a team approach should examine the relative importance
of selected levels of the checker's demonstrated ability to make valid confi-
dence statements for selected conditions--type of imagery, type of target,
image quality, and so forth.

Research (Evans & Swenson, 1979) on three techniques for determining the
entire probability vector was conducted. The three judgment techniques were
termed Direct Name Vector (DNV), Derived Name Vector-Experimental (DNVE), and
Derived Name Vector-Control (DNVC). The characteristics of each technique
appear in Figure 2. Results indicate that of the three techniques, the DNV
maximized the amount of information that could be obtained from the inter-
preters. Performance deteriorated for all groups when a free search task was
used instead of a directed search task. This suggests that the training
given to interpreters should have been given in the free search condition and
not the directed search situation. The DNVC was the poorest technique, and
this group received no feedback during training. Additional research seems
to be indicated; replication of the DNVC technique with feedback should prove
informative.

OperationalApplications. If use of payoff matrices becomes operational
and additior 1 research is not possible, the Direct Name Vector technique
should be used. Training on this technique must include free search.

Research Recommendations. The three techniques for establishing the
probability vector--DNV, DNVE, and DNVC--should be reviewed, revised, and
evaluated using experienced image interpreters instead of recent interpreta-
tion course graduates. Training with feedback should be considered for all
techniques, and a free search task for training should be used.

Research on the probability vector development was extended along the
lines described in the previous research. This experiment (Levine &
Eldridge, 1974) used the DNV technique. Interprters were given rolls of
positive photographic transparencies with one target annotation per frame. A
target list of 22 target names plus a "catch all" and "nothing of tactical
interest" categories made a total of 24 entries. The interpreter could se-
lect up to five target names plus the catch all and nothing of tactical in-
terest for a total of seven possible target identifiers. The probability
assigned to one of these had to be greater than that assigned to the others,
and the sam of all, probabilities assigned had to equal one. Ancillary infor-
mation was furnished for each annotated target location in probability vector
format in two modes--quantitative (probability) or qualitative (verbal). A
vector contained information estimates for from two to six categories. Each
interpreter received all quantitative or all qualitative ancillary informa-
tion. Two competing sets of information were furnished--ostensibly from dif-
ferent sources--for each annotation. Four modes of interpretation were used:
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DERIVED NAME VECTOR-CONTROL (DNVC) -i
DERIVED NAME VECTOR-EXPERIMENTAL (DNVE) •-

DIRECT NAME VECTOR (DNV)

Interpreter analyzes object and estimates probability that:

o Object is a required target (total target probability). xx xx xx

* "First choice" target name is correct. xx xx xx

* Each of alternative target names--judged to have xx
appreciable likelihood of being correct--is the
"true" name of target.

* Remaining target names (all other identifications) xx
include "true" name of target.

* (Assuming hierarchical target list--CLASS, CATEGORY,
NAME.)

(1) If "first choice" target name is wrong, category xx
includes target name.

(2) If category does not include target name, class xx
includes target name.

Figure 2. Characteri stics of judgment techniques.
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(a) interpyetation without inftormation, (b) simultaneous information/image
interpretation, (c) post infotormation wit.h reevaluation of previous report,
and (d) computer integration of the interpr etation wi. thout info.uatiori report
with ancillary informati.on.

Ancillary information, provided either simultaneously or post int-erpre-
tation, enhances the accuracy of interr.reter performance regardless of the
information format--quanti. tat i ve or qualitative. Performance accuracy was
considerably better for easy targets than for difficu].t targets. Computer
integration of the interpretation report without ancillary information with
the relevant information was inferior to that achieved by an interpreter cor-
relating the information with the interpretation task--either simultaneous or
post.

Operational AIpplications. Interpreters preparing probability vectors
should be provided with ancillary information from other intelligence sources
when a-Assess.i.ng the confidence of their reports. Proper indoctrination con-
cerning the utility of thi- ancillary information should be given.

Research Recommendations. Research to answer the following questions is
required:

"* Did the enhancement of performance stem from the information
content furnished or because the interpreter had to examine the
imagery more carefully?

"* What is the optimal. combination of information parameters and
the tradeolnf between reduced information quality (less Lhan corn-
plete and accurate) and no ancillary information at all?

"• What is the relationship between the most influential informa-
tional. variables and interpreter performance in establishing a '

probability vector?

Estimatinq Unit Identification

The final research (Laymon, 1979) in this section deviates from the
foregoing efforts in that it does not concern the determination of expected
costs associated with misidentifications. The task of the image interpreter
in this research was to estimate the probability that a sample set of targets
(vehicles) belonged to one of two company- or battalion-sized units (Unit A
and Unit B) whose authorized vehicular complements were specified.

Tables of Organization and Equipment (TO&E) for company- and battalion-
size units in the Army were used as a source of data on the equipment comple-
ment of units for which subjective probabilities were to be estimated. The
sample sets of targets were devised and were not the result-of interpreta-
tion. Each problem presented to the image interpreters consisted of a sample
of vehicular targets showing the number of each type pre-;ent in the sample,
along with the number of each vehicular type authorized in the TO&E for two
different company- or battalion-size units. The interpreters were trained to
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estimate the subjective probability that a given sample was drawn from Unit A
and from Unit B. The theoretical probabilities associated with each event
were determined by computer.

The task proved too difficult for the interpreters. It was concluded
that problems of the type used in the study could not be solved by inexperi- af
enced interpreters. A real-time computer program was developed in the later
stages of the experiment that could compute the theoretical probabilities for
up to six different units simultaneously.

The report suggested that the experiment be repeated using trained and
experienced image interpreters. Since computers will be available in future
image interpretation facilities, it may be advisable to develop a computer
program that compares target samples against known enemy unit equipment com-
position and computes the theoretical probabilities as well.

Operational Applications. Trained but inexperienced interpreters should A
not be used to estimate the probability that a sample of targets detected and
identified on a surveillance mission came from a specific enemy unit.

An operational computer or man/computer method should be developed to
determine the probabilities that a given target sample came from a specific
enemy unit or units.

Research Reconmmendations. Research should be conducted to determine the 4
ability of experienced image interpreters to estimate the subjective proba-
bility that a detected configuration .f targets came from one or more enemy
units.

If valid estimates of the probability of unit identification are found,
the use of this knowledge as an interpretation aid in detecting additional
targets should be investigated. 4

CHANGE DETECTION IN IMAGERY INTERPRETATION

General

ARI research has examined some of the problems associated with change
detection performance. A summary (Birnbaum, Sadacca, Andrews, & Narva, 1969)
of previous research indicates that departure from congruence of early and
late coverage results in a degradation of completeness and accuracy of change
detection. Congruence refers to the identical nature of the early and late
imagery--same scale, same flight path and direction flown, same terrain
coverage per image frame, and so forth (however, all characteristics were not
studied, e.g., image quality, time of day flown, and weather conditions).
Previous research suggested that target reports for each mission be stored in
the computer in automated facilities for automatic change detection by co-
ordinate locations and a computer-produced change report.

30



Tmace Overlap,. Scale, and Orientation

Later research (Epstein, 1970) determined the effects of variation in
the amount of image overlap and discrepancies in image scale and orientation
on the interpreter's ability to select comparative cover frames. All three
types of departure from perfect congruence degraded performance. Departure
fiom 100% overlap and any orientation discrepancy between early and late
coverage had parallel effects, with that for overlap being the more severe.
Performance degradation was evidenced by increased working time, more errone-
ous frames selected, decreased completeness in correct frame selection, and
lowered interpreter confidence in responses. Scale discrepancy decreased
completeness and increased the number of inventive errors but had no signifi--
cant effect on working time or expressions of confidence in responses.

operational Applications. Equipment should be provided to permit varia-
ble magnification and rotation in order to minimize the effects of scale and
orientation differences.

Equivalence of ground area coverage should be partially controlled by
mission planning. if late information about specific locations detected in
prior coverage is desired, spot cover or area coverage at smaller scale can
be requested to insure that the areas of interest are covered.

Research Recommendations. The utility of computerized assistance for
change detection in operational facilities should be assessed to reduce the
time devoted to this function and to decrease error rates. 4

Change Detection Methods

Another experiment (Epstein & Jeffrey, 1973) in change detection sought
to determine whether change detection performance was improved by (a) demar-
cation of common areas on early and late imagery, (b) annotation of targets
on early imagery, and (c) use of a list of targets appearing on the early
imagery. Dependent measures of performance were the number of correct change.
detections ("unchanged, mmgone, and mnewm), number of erroneous detections,
total working time, and confidence. Results of the research indicated the
following:

"* Demarcation of common areas did not significantly affect the
mean number of correct target detections nor the mean number of
erroneous change statements.

"* Annotating targets on the early imagery increased the mean num-
ber of correct change statements for "unchanged" and "gone" tar-
gets but did not affect the number of erroneous change statements
(targets detected on noncommon terrain or invented targets on

common terrain). The number of target misidenti fications in-
creased also, but to a minor degree compared with the increase in
correct change statements.
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* Use. of t arqet 11ists for- the early I naqery -iiiere tsed the nteuaii
number of correct chanclo detecti. ons but: al so ilc~reased the num11-
bar of inivented t~arqcts.

* Use of target lists incroascd workirs.; t-ime by 20".. Worki~ng time
was- Ilot- affected by demarcation of commloll tervrairn or by anrilota-
tions of early cover.

Opera t4 2 rni] Nppli cations, These resil~tf; zSuqgest thle fol lowing:

"* Prior demarcation of common terrain on earl~y and late .irtiaqery
does not. help the interpreter.

"* Target annotati~ons on the early imiagery are useful. techninIque-,
for change detection.

"* Combined use of annotations and target: lists, for the early
imaclery appear7s to maximize tho number of correct: change state-
ments and is recommended if time, canl be allowed or if Used in1 an
automated facility where the computer would reduce the time
element.

Research Recommendations. Research should determine the' usefuilness of
teaml consensus feedback training in improving i titrpreter c~h-Ance detection)
performance.

ME-NSI liAT)TON AND))O O7RDI NATEl DRTERMIMiNATIOI

Mensuratio~n is involved in almost-. a~. llcO phssOf imageO i~ntErpretati 05:

inl determinling the Scale of itiagery; in plot-ting the area covered by a mis-
sion; inl making the field plot arnd the master cover trace; ini asce~rtaininq
the physical size of objects detected onl the imaqery , there-by helping to cor-
roborate or rofit~e a tentative itdentifIication; inl providing ground location
data. to the potential user at somec prescribed level. of preci-i~oll; and for
many other spec i fi c requests for Information.

There are at least two ways of regarding the n!eed for omian factors re-
s;earch to develop improved techniques and procedures for ILnihancing mIeasure-
ment performance of image interpreters. The first; way i.s concerned w~ith the
['eelinq t~hat ormergent or extant systems will solve, or have solved, mos,,t
measuLrement p)roblems by providing auitomated mothods for do tcermi~n~i~ni tedious
but necessary measurements and compuitations. The second way considers tVisit
the need to make numerous measurements may d~ictate. that s-ome potrtion o1f these
will have to be accomplished by an interpreter using only the .instrumnent~s
provided in the image interpretation k~it. Tf eniough sophiisticated imaqery
inter~pretation facil itie'-; become avai lable so that all inter1pret~ation can be
accomp.i shed at these ilnstal lations , the type of humian f7-Actors research re-
quired will.. changeo in character, buit the need for such research will. not
cceaSe. Additionally, some of, thle mantual me-asurement mothlodV -st~i 11. will bt
11ed-ýdeo as backup~ me thod,; in the event of equipmeont. fai lure.
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Manlual MenIsurationl Variabi lity

C! ~Resparch (Lepkowski & Jeffrey, 1972) oin the variability of int~erpretcr
me ull.;it on prformance for manuial me a.;utremenlts Wia' cofldlic t~ed. The 1. fldeX o)f
varsiabilIi ty used was tile standard devi ation) of the groups' measurements of
the size of one large object, mneasiired onl the, imagery, usinq a 7-power tlUbe
mlakgnifierO.1 kX~i Pped( with ik i0t~i~Cl gradua ted inl .1 iii.].i iiueter (iniui) ini t.s . The0
results for seven image interpreters--all with 10 or more years of active inl-
terpretat~ion cxperience--showed that the variability of thei.r measuremen ts
was .038 mm. The cursor accuracy ci~ted forv the automated system (constant
error) was .1 mm, and the variable orror of .038 mm for measurement variabil.-
ity amuong thle. seven interpreters yields a total error. -chat can be as great
as . 138 num or as small as .0(62 nmm, depending upon whether manl and machine or-
rors sources were additive or compensatory. Converting this ranige of total
error to ground size using anl assumed image scale of 1:10,000, the grounder
ror could range from .62 meters to 1.38 meters (2 to 41½ feet).

Other results of this research indicated that for tile conditionis of thle
exper ime nt- -- imagery scale, target sive, mensurationi task, and ule as urenlien t
tools--the followinig conclusions appear to be justified:

*Scale graduationis--thiousandii(ths. of a foot or tenlthes of a mi 1..i-
meter--used onl interproter scales or ret-icles had no ~si~gui.ficant
effect on miensurautioii variab~ility.

*Measurement variability did not vary significantly with target
ground size.

*Imagerv scale had no significant effect onl the variability of
target nicasurement.

9 Maiiqi.f~ication level. (2x, 7x, 12x) had no significant effect oil
mensurationi variabilIity.

SMeasuirements made using reti~cIes. appear to be less variable. t.11,1n
those made with an interpreter scale.

*Interpreters tend to maintain their relative position from ono
measuremenit task to another with respect to thle gIroup avei-aqe.

Operational App licati ons. Within a parti cular operational. unli t, the
most accurate interproters- (in terms of measurement) should be determined anld
used for critical measurement tasks. The reticle scale should be used inl
Preference to thle intorypreter: scale if the object to be measured is snril ler
than tile lenigth of the ret ide.( scale.

cale c radiations--ii thousandths of a foot or inl tenthsq of a mil.l~imieter
oin both interpreter scales and iagni fier reti cbs--had n~o si gi if~icant effect.
onl measurement variability amongq interpreters.
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Po.seal'ik;l Ito coullulondat ions;, A staxndaixtd mea-;ureiement t-ask shilhlI b.
deve.ioped Ill which a seo.ries ofi fixed known d i.statn(e(. ail(, 1eac4l'SUr1d by each
operational inierpr.'etea;. Error scores for each iulterpleter would be deter-
mined. For each inzterpreter, the measured size would be plotted agailkst the
true object cize for a].1 measruremtents* to obtain a personal equation for the
interpreter. This functional relation between measured and actual size could
be used to correct tIhe operat:..,nal zeamireineze t- made by each Jint' tprietler.
lE-rror causes could be studied to determine the nature of faulty indiv.idual
interpreter techniques and procedures that cause measurement errors, and
school or on-the-job trainin(j could be provided to reduce or elimilnate
measurement errors.

Coded Reconnaissance Data

For some imaging systems, certain mission characteristics are recorded
directly on the imagery in binary coded form. This information includes the
coordinates of the nadir point, time of exposure, platform attitude, sensor
type, orga',ization flying the mission, date flown, and so forth. It was i ti
tended that these coded data would be read by a machine and the information
then displayed Ln clear text. However, the block began to be recorded on
imagery before automatic readers became available in the field. As an ex-
pedient, the U.S. Army Intelligence Center and School. distributed instruc-
tions to trainees in theoir image interpretation course on how to decode the
block visually to obtain the necessary information. Even with automatic
readers, a manual backup was required in the event of equipment failure.

In an experiment (Birnbaum, Sadacca. Andrews, & Narva, 1969) , a trainin-g
1)wckage was developcd usi ng the paired-assouA.ates learninq method to link the
16 unique clot patterns with their noncoded equivalent meanings. Recenlt
graduates of the image interpretation course were taught to recogni.ze 1-he dot-
patterns using the training materials.

Interpreters required about 1 hour of training to reach the criterion of
two errorless trials--recognizing 15 different dot patterns and writing the
equivalent: meanings without zlny mistakes. In decoding parts of actual code
blocks onl operational mission images, the trained interpreters were able to
decode, with or without magnification of the block, at a rate of about 16
patterns per minlute. Deco(ing accuracy was about 98 percent. Although this
level, of performance cannot compete with perfectly functioning automatic
readers, it would be invaluable if the equipment is down.

Operational Applications. Interpreters should be trained in %.l.sual de-
cod ng to i nsure a backup capability in th, event" of automated reader
failure.

A set of flash cards, as developed for experimental use, can be used
operati.onally to train interpreters in pattern recognition for the decoding
process and to help interpreters maintlin their proficiency.

There are limitations on the accuracy of thie location data repor-ted in
the code data block. If precise coordinate location information is required
usinq the code block location data, correction for this source of error will
be necessary.
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Rec:-'eairc-i Rec(otlinivieldit: i 0104.; lRŽ!'Qebrell hIotn Id ))e cOnducl(tedI to LEU.0

WhL'1.1ie rimiqQ int: k:oter; 1a:11 to d1000410 tho(- recollnaissalicte datal ill vile
code matri\ hi 0(2-k bot t~eir by pa tdrso. I:~ aLilki-lig or: by l.UAtElinq0 to de-
ci pher vi- th oxex '-Htvo b ilnaly code. Post~arch !;hoi- Id dete rnnilne the Comlpara-
t:i ye lo vels o 4kr 'Oill I t'iit ion over periods ot- di.mw;o forl the two jod:;1(i of 3

Coor-dinate0 Doterminlation

The za(Ccurzte iocmý-ion of tactical and strategi~c targets is 4: koy part of
thle image illtuLrpre tor ,- job, particularl1y if des-truction or dl sruption of
theso targets in: coiitempiatod.

Accurate coordinate detex-minntion requires that the interpreter givfN le m-
ticulous aittant~ion to thu correlattion of thle reconnais..ance inince and thle
topographic malzp or mlap substituto being used to determine cooi dinates . Tl e
di.spar~ity inl scale h t~ween imagery and mapO), tie diffvereiice in tho amtouit ) f
te~rrain detatl ., preseceiC of (jeoflletrjc 0 (1st-ort ion inl the 1:ecolnnaiSsanllce
ima-jory, and so forth magjnify the difficulties involved in tralisferring( .a
critical location from the imnage to the map. These problems become move so-
votre inl areas where thle terrain hats few mutually idunti fi ableo featuires onl the

an! Oil the .i magery *

A report of the U.S. Army Engi neer Topographic I aboratori es (FTT.)
(Griffin, Barnes, & Stilwell, 1970) indicateS that tho most Stringent f ielId
artill cry positional requirem'njt is aibouit 25 meoters CPE-1 (CL.O eul ar Probable
E*-rror) .That is, if the ground pl ane coordil ns't-e of ýa tarqet-, a11: deter1minled
andI an h~imagi. ary c i.c~le drawn ar.ound th .1 coord ik it tO loation w i lii a racditus
of 25 meters, the probabilIity that this c-itelo. incluidks t~he actual. targeot lo)-
cat Lonl is . 50, If rea to r asso r~mlc t~hat the cilrCu~lar area .1nchiude.n the tay>
qet Is des jied , d cil.role with radills of'I m6ieters drawn a rounid the coordi nat-.(
locaItion wi.1Ii have a probabi li.ty of .90 OF incu1.1di og the target:.

How dif 'fi cult is it to acli jv hi;Ieve 1:1i 01ve of cna whenl the in, 0r--
preoteLr innst co,-rrelateo the i 3flage ry wi th a m1ap and do termi nol thle Goord tiat o's of
the ltarqe t: i dent:i f~i d on t~he imagery? Consider the map to fceonce use7-d. Sup- -
1poso- the ilhla) scdbl eWere 1 :250,000, such as that: of tho .1oint Operati onf;
Graphi cs (Ground) Series 1501. If thle map-tl posi Lionl SeIOct:cd0 for the target
locat: 00 is di~sph.vaed 1 mm from i ts actliaI posi t-i on, (.the palane pos t.i 1.001.1 er-
ror onl thet ground is P i( meters , or 1.0 ti mes cgroator t~han thle accuraicy reo-
qu~i roe et: spoc i O.d above (25 me("ters Gr.) . Evenl ii t~he mlap sc~al .eWere
1:50,000, t~he ground positi onal. errolr would be SO mc tors, or twmice thle stilted
accent able error. Obv'iousl1y , pos itional )roqulireuienot~s are not: thi. t -- itineaolt:
for al.1 obj ect~s detecte0d and ropm-)tedi but ilhe intot er e te i:nunis have the
ne -Žssarv trainling and equlipmelnt toe achieve th110 level of accuracy rokqu i rod.

Coord~inates for: SLTM- Imaked T il-qets

Thie Army svurve i I ance ai rcra ft , t~he mohawk Co--")' ,When equipuped wi th

t~he.side- looking ai rhovlne radarjj. (-, i~rl,) (AN./A1'!-94 ), processes the image
record iin lfighjlt- wh~ich Vis vi wed by tile a~il-bortne f-Oiicol oper1ator' il r ne-u
roa I - ti .1 me A I atol'ato ry ;n imulat ion of 1:ho opo'rat ionia.I ompnboymollt: ofI t hi s3



sensor for near real-time interpretation was described in an ARI report
(Krause, Thomas, & Jeffrey, 1973a). The time allowance given to the inter-
preters participating in this experiment was comparable to the time available
to the airborne sensor operator in the operational setting. Flight condi-
tions such as space limitations, work space stability, and ambient light con--
ditions--all of which tend to degrade interpreter performance--were not
simulated.

The interpreters participating in the experiment performed a directed
search task--the interpreter examined annotated areas on the imagery, identi-
fied objects, and determined coordinate locations--and a free search task--
the interpreter searched the imagery, detected targets, identified them, and
determined the terrain coordinates of these targets.

The results showed that for the directed search task, coordinates were

reported for about 64% of the annotated targets. This failure to report lo-

cations for all targets was not due to lack of working time, because many
interpreters stopped working before the allotted time had elapsed. Location
errors ranged from less than 100 meters to more than 100,000 meters, with a
median error of about 5,000 meters. For the tree search task, about 22% of -M
the possible targets were detected, and the same targets were not reported by
all interpreters. Therefore, there was no common base for determining loca-
tion accuracy in f ee search.

It appeared that trained but inexperienced radar interpreters cannot

determine coordinate locations for targets on SLAR imagery with usable accu-
racy. Spot location of targets classified as tactical should be within a
terrain location error of 100 meters, even for observed artillery fire
(Department of the'Army, 1971).

Operational Applications. Only interpreters with the proven ability to
locate targets accurately should be used operationally with SLAR imagery.

Research Recommendations. More extensive training programs should be
developed and validated.

The feasibility of using reference materials of larger scale should be
investigated as a way to improve location accuracy for SLAR-imaged objects.

A baseline research effort is needed to establish the level of coordi-
nate determination accuracy attainable by expert radar interpreters using
SLAR mission image•ry ft.om both coherent and noncoherent sensor systems.

A hotogammetric Approach

In 1971, ETI, addressed the tactical target location requirements and de-
veloped .Y. Analytical Photoqrammetric Positioning System (APPS-I) to enhance
target io, ._ion accuracy. The key item of the system is a data base (DB) to
provide the reference display. It consists of aerotriangulated stereoscopic
pairs of mapping quality photographic imagery and the associated numerical
data stored on tape cassettes to provide the crcund reference source for
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determining three-dimensional coordinates of any location on the overlapping
area of the stereoscopic pairs.

Human factors requirements associated with the APIS stimuleted three re-

search efforts by ARI to determine the extent to which this system might
satisfy coordinate location requirements for targets located on reconnais-
sance imagery acquired by various sensor systems. The first experiment
(Sowell, Bradie, lHarabedian, & Jeffrey, 1978) was concerned with determining
how accurately experienced image interpreters could transfer annotated points
from four types of photographic mission images--vertical, low oblique, low
panoramic, and high panoramic--to data base imagery at 1:100,000 scale. An-
other variable of considerable relevance to the operational situation was the
proximity of the targets to identifiable ground objects, e.g., crossroads,
bridges, and so forth. Each mission image was marked with 30 naimbered
points. Half the points were defined as Type A, which were points appearing
on identifiable ground objects; the other half were Type B, which were points
more than 200 meters distant from an identifiable ground object.

Forty enlisted image interpreters with from 1 to 20 years of interpreta-
tion experience participated in the experiment. Each interpreter visually
transferred the 30 points annotated on each of the four pieces of mission
inagery--two were transparencies and two were paper prints--to the associated
data base images. The interpreters did riot use the APPS for this purpose but
used a stylus to prick the emulsion of the data base imagery to show the
point selected. (In APPS operations, rio marks are made oln the data base
imagery.)

Results indicated that Type A points were located more accurately Lthan.
were Type 13 points by ratios from 3:1 to 6:1. Oblique or panoramic missions
were associated with less accurate location of points in the horizon half of
the photo than for points in the near vertical half. For the conditions of
the study, trarsfer errors of less than 20 meters were obtained for 50% of
the Type A point transfers for all mission imagery types. Only for the ver- 7
tical missions were Type B points transferred with this level of accuracy.
Transparencies as mission imagery were preferred by the interpreters to paper

a..ints, and in several cases performance accuracy was better for transparen-
cies than for paper prints. Type B points were not transferred visually with
suitable accuracy. A technique must be devised to improve transfer accuracy
of such points. ý7

Operational Applications. The following should be considered in mission
planning and standing operating procedures in an II facility:

* In the employment of the APPS, the interpreter/operator depends
on the mutual presCece of the same detail on the mission image
and the data base image in order to accurately correlate the two
by visual means.

* The most accurace location data can be determined from vertical
or near-vertical photographic mission imaqery.
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* The reduced resolution of paper prints appeared to reduce loca-
tion accuracy compared with that obtained with transparencies in
some cases.

* Locations remote from terrain features identifiable on both mis-
sion and data base images cannot be transferred visually with
consistent accuracy.

* Locations on terrain features in vertical, oblique, high pano-
ramic, and low panoramic photographic missions can be trans-
ferred to the data base with a ground error of less than
20 meters PCE.

* Locations 200 meters distant, on the ground, from mutually iden-
tifiable terrain features on mission and data base imagery can
be located within 20 meters CPE on vertical photographic mis-
sions only.

e Transfer difficulty is aggravated by the length of elapsed time
between the acquisition of the data base imagery and the mission
imagery. If appreciable time has elapsed, manmade changes may
appear in one and not the other, making correlation more diffi-
cult. Attendant changes due to seasonal variations such as crop
patterns, flooding, snow cover, and so forth may also make cor-
relation difficult.

Research Recommendations. Research should be conducted to help the APPS
interpreter/operator transfer locations on mission imagery to data base
imagery when there are no mutually identifiable terrain features nearby.

The second experiment (Sewell, Harabedian, & Jeffrey, 1.978) had two ob-
jectives: (a) to determine the accuracy and speed with which target loca-
tions on SLAR, IR, and static TV mission images could be transferred to a
photographic data base; and (b) to develop techniques and procedures to help
the operator correlate mission and data base imagery and so enhance transfer
accuracy. Mission imagery from three radar systems (AN/APS-94, AN/APQ-97,
and AN/APQ-152), two infrared imaging systems (AN/AAS-24 and AN/AAS-27), and
a closed-circuit TV display of scale 1:5,000 were used. Twenty points were
marked randomly on each mission image. The points were then classified as
Type A or Type B points, depending upon their position in relation to identi-
fiable terrain features.

The APPS operators were 11 experienced photogrammetrists who were famil-
iar with photogrammetric mensuration devices but who had no previous APPS ex-
perience. Training on the use of the APPS included correlation of mission
and data base imagery prior to the beginning of data collection.

In a preliminary phase of the study, alternative transfer techniques
were evaluated. Nine operators transferred 20 points from the SLAR and IR
images to the data base by the indirect transfer technique and the direct
transfer technique separately. Only the direct technique was used for the TV
display. The indirect technique was determined to be the most accurate for
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transferring target locations from a variety of reconnaissance imagery. Ex-
perimental results indicated the following:

The transfer accuracy for Type A points was accomplished equally
well by either the direct or the indirect transfer technique.
The median plane error for the six types of sensor displays em-
ployed in the experiment ranged from 9 meters to 34 meters, with
only the AN/APS-94 and the AN/APQ-97 imagery points having
median errors exceeding the 25-meter CPE criterion.

* The median plane error for Type B points transferred by the di-
rect technique -•nz.ed from 13 meters to 75 meters; for the indi-
rect technique, the range was from 10 meters to 54 meters.
Median accuracy for Type B points imaged by AN/APS-94, AN/APQ-97,

and AN/AAS-27 did not fall within the 25-meter CPE criterion,
regardless of the transfer technique employed.

* Except for the AN/AAS-27 infrared imagery, the indirect tech-
nique for transferring Type B points provided a significant in-
crease in accuracy over that for the direct technique.

* The relative time required for the two transfer methods shows an
average time per point for the direct technique to be 1.3 minutes
and that for the indirect technique to be 6.5 minutes, or five
times longer.

The transfer of targets annotated on AN/APS-94 imagery to a map or map
substitute (gridded radar mosaic) both at 1:250,000 scale was found to have a
median plane error of about 5,000 meters in one ot the experiments described
earlier (Kause, Thomas, & Jeffrey, 1973a). In the present study, the maximum
median error was 75 meters for transferring annotated target locations from
AN/APS-94 imagery to a 1:100,000 scale photographic data base image. Certain
differences in the two experiments can be specified that may have caused the
magnitude of this disparity.

* Reference System:

- A map or mosaic at scale 1:250,000 was used in the earlier
experiment.

- An aerotriangulated data base image at scale 1:100,000 was
used in the present experiment.

* Mission Imagery:

- Two images over Phoenix, Ariz., and two images over South
Vietnam with MTI and FTI were recorded on all four.
Negative transparencies were used.

- In the present experiment, one image flown over Phoenix was
used. MTI and FTI were recorded and reproduced as a glossy
print.
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e Mission Imagery Scale:

- Part of the imagery was at 1:500,000 scale and the remainder
at 1:1,000,000 scale in the previous experiment.

- Image scale was 1:250,000 in the present study.

a Personnel:

- School-trained but inexperienced imaqe interpreters were used
in the early study.

Experienced photogrammetrists were used in the present study.

5 Motivation:

- The school-trained interpreters taking part in the previous
study performed an experimental task beyond their operational
experience. Their drive to do their best was probably not
optimal.

The experienced photogrammetrists performed a task within
their expertise. In addition, several of their peers were
conducting the research. Motivation was probably high in the
present study.

a Equipment:

- The interpreters in the earlier study determined coordinates
manually using the map or mosaic grid and interpolating be-
t't•een grid lines. A coordinate square was the only equipment
Savai] able.

- The photogrammetrists used a programmable calculator that _J1
read out the coordinate location of the spot on the data base
under the measuring mark (reference dot) of the viewing 4.
instrument.

Operational Applications. Under proper conditions, point transfers can
be made with useful -iccuracy to a photo data base from radar and infrared re-
connaissance imagery having a wide range of scales and ground resolutions.

The direct transfer technique should be used for Type A points except
for AN/APS-94 and AN/APQ-97 imagery if a 25-meter CPE is required.

The indirect transfer technique should be used for Type B points for
some types of imagery in order to obtain sufficient accuracy (but an addi-
tional 5 minutes/target will be required).

Point transfers can be made by direct transfer with acceptable accuracy
from a static TV display of vertical photography to a data base image.
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Research Recommendations. Research should determine the locus and mag-
nitude of errors in APPS operation. This information will pinpoint areas
where equipment design changes and operator selection or training are required
to reduce output errors.

The third APPS experiment (Sewell, Harabedian, & Jeffrey, 1978b) investi-
gated the amount of time required and the error magnitude involved in the
performance of two preliminary tasks and the total task of determining target
coordinates using the APPS. The purpose was to determine if sizable errors
or excessive time were associated with the performance of these tasks. This
research would identify the operations where equipment characteristics and/or
operator procedures might be modified to reduce performance time and increase
accuracy. The three tasks are described below:

Task 1: In the preparation of a data base, each photo is marked
with six index marks--three near the top edge and three near the
bottom edge, as shown in Figure 3. In orienting the stereo pair
to the model data stored on the magnetic tape, the four index
marks in the overlapping area on the left photo must be posi-
tioned under the left reference dot, in turn, and the data grid
location of each read into the APPS programmable calculator.
The same procedure is repeated for the four index marks in the
overlapping area on the right photo. The eight index marks were
measured four times by each of 10 operators. Time was recorded
for the measurement of each set of eight index marks. Plane
error at ground scale was determined for the four measurements
about their mean for each of the eight index marks.

Index Marks

3+ -

Check
I t Point

Photo No. 26±

File No.

Figure 3. Index marks on data base stereo pair.
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0 Task 2: After the stereo pair is oriented, the APPS operator
can determine the three-dimensional coordinates for any point in
the overlapping area of the stereo pair. Eight locations had
been marked on the overlapping area, and the coordinates of
these points were determined by each of 10 operators. Height
error, plane error, total error, and time required were the
measures of operator performance.

e Task 3: The final task involved the entire r-oordinate determi-
nation process. All transfers from mission imagery to data
base imagery were made using the indirect technique. Ten points
were transferred from imagery from an infrared, a radar, and two
panoramic sensor systems. Time required, height error, plane
error, and total error were determined for each coordinate
location.

The results obtained for the three tasks are summarizýd in Table 2 for
error measures and Table 3 for time measures. For the types of mission
imagery used in this study, trained APPS operators appear to be able to
transfer target locations from mission imagery to data base imagery and de-
termine UTM coordinates and height with respect to the datum plane with
median accuracy that meets the most stringent artillery accuracy require-
ments. The desired positional accuracy of a second generation APPS was set
forth in a letter (HQ TRADOC dated 12 June 1975, subject: APPS, Advanced
(APPS-2)) that specified the acceptable error bounds by coordinate dimension
(Table 4).

Table 2

Summary of Error Measures
(in meters)

Type of Centile
Ima Eraror 2t 5oti T '

Data Base Index Mlarks Plane 1 .0 1.6 2.4
height g.4 3.0 5.5

Base Plane 4.0 6.0 8.6
Base Total 5.3 7.5 10.1

Infrared He i glT t.- 2---5-.-7--1 9.7
InAS-r4) Plane 5.2 9.5 15.5
________ Total 8.3 12.3 17.9

.... Vn eight '2~ 5T.6 TO-.T- F,Within il 10.1h

Plane 6.2 10.1 15.0
Total 9.2 13.0 17.8Panoramic 

L6

Panramc -Hei'ght iý. "--5 [8 --- T-O 3

(KA-77, KA-78) Beyond Het 7 1 19r450 Plane 7.2 5 19.5
Total 10.3 15.8 2?.7
Height 112 .3Radar Plane 9.7 14.0 20.5

(APD-10) Total 12.2 17.0 24.7

Source: Sewell, Harabedian, & Jeffrey, 1978b.
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Table 3

Summary of Time Measures
(in minutes)

Number of Centile
Imagery observations 25th 50th 75th

Mono White 8 index marks 1.3 1.5 2.5
Sands DB

Stereo White per point .6 .8 1.3
Sands DB

AN/AAS-24 per point 4.6 7.0 10.2

KA-77 and per point 4.8 6.5 8.9
KA-78

APD-IO per point 4.8 6.5 9.1

Source: Sewell, Harabedian, & Jeffrey, 1978b. `J
Table 4

Acceptable Error for APPS-2

Type of error
Terrain location -

Hleiqht error (PE) Plane error (CPE)

To FEBA 3-8 meters 5-10 meters

Beyond FEBA 5-15 meters 15-25 meters
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For the conditions of the third APPS study, the median height orror--
similar to the probable error (PE)--statistic is less than the upper bound
(8 meters) shown for the allowable error for objects of interest located in
friendly territory for all types of mission imagery used. The median plane
error--similar to the circular probable error (CPE)--exceeds the specified
upper bound (10 meters) for objects of interest in friendly terrain for the
radar mission and that portion of the panoramic missions that fell 45 degrees
and beyond from the nadir.

Assuming that aerial surveillance beyond the forward edge of the battle
area (FEBA) by manned aircraft will be accomplished in a standoff mode, the
panoramic cameras (KA-77 and KA-78) and the side-looking radar (APD-10) would
be the type of remote sensors used to acquire coverage of enemy-held terrain.
The median plane error for these sensors falls well within the bounds speci-
fied above (15-25 meters) for objects of interest located beyond the FEBA.
The results of this experiment suggest that APPS-I can meet the accuracy re-
quirements projected for APPS-2.

Operational Applications. An instruction manual for point transfer

techniques is available that provides step-by-step instructions for carrying
• ~ouIt a direct transfer and an indirect transfer using the APPS.

The use of quick prints of areas of interest, made during the interpre-
tation phase, will permit point transfers to be made with improved accuracy

S~before the image interpreter has completed the mission.

The indirect transfer technique and associated software provide an accu-
rate means for determining ground coordinates of target points located ini: ~ ~areas of sparse background detail on photographic, ifae, and radar -

imagery.

Research Recommendations. Research should determine the utility of APPS
V• for coordinate determination of objects detected in real-time imagery.

TRAINING AND PROFICIENCY MAINTENANCE

General

Training is a continuing process in developing expertness in any area.
This is true for the professional image interpreter as described in one re-
port (Montgomery et al., 1980) based on a review of pertinent sources-- A
Army training manuals and field manuals, site visits, and interviews with in-
terpreters at all levels. The image interpretation course at U.S. Army
Intelligence Center and School, Fort Huachuca, Ariz., provides training inl
basic interpretive skills whose mastery the trainee must demonstrate in order
to graduate. Novice interpreters (MOS 96D) are not fully qualified image in-
terpreters upon completion of this training, but they have the basic skills; -;

and training will continue from this point.

Upon assignment to an operational unit, training is given in unit
schools and/or in the form. of interaction with more ixperienced interpreters,
relevant publications, visits to other facilities, and so forth. The
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i ndi vidu.-l i ntlerpret~er muSt. p)U.f.'.ue -. jgrOLSsiVely C111 atvilab te resou r(:oý in
order tic-U) lLIIrýAde inParŽ~.V ;i11 lcj .1ity supervisors are vi.t~ally :1n- -

terested ill thILS process anld will provido l~oca) training. Ccrtai n Pki ls dle-
veloped by thle. .i lit-erprete. r may dotersiorate during per i.ods of disuse. Inter-
preters and tHlei1 rSUperlv ibiors should guard1 aglainksL this contingency by
providing trainling that; will. maintai n profici ency inl ac-qu~ired skill.s, even
though thes;e skills may not be required L.y thle current operational. ends-ion.

A series of ART research projects had as its objective the upgrading of,
interpreter. entry skills and thle maintenatice of proficiency. 'rho techn~iques
developed have application for on-the-job training hut call be applied to more
formal training situations as well. Inl general., the materials used for these
efforts were chosen to be those, readily available inl an operational facility.
DIlaboratoe training materials and sophisticat~ed equipmrent. have been avoided.

T[arget Search Strategies

Thle target detectI:ion performance of experiIenced image interpreters Shows
that they will Fail, to detect a number of the available targets inl anl image,
will fail to search certain areas of the image, will search other portions
more than once, will fixate some locations for unwarranted peoriods of time',
and so forth. fn an attempt to improve detection performance, research
(B~irnbaumn, Sadacca, Andrews, & Narva, 1969; Powers, B~rainard, Abram. &
Sadacca, .1973) compared fourT training techniques as to their relative ef-
ficacy in improving the completeness, accuracy, and speed with which inter-
preters were able to detect targets onl photographic transparencies. TIwo of
the training methods and sys-tematic s;earch stratptgies, insured! that, a11l. areas;

of the photocyraphs, were seoarched onl~y onco. Combined w~it~h these search
strategies was a "speed-reading" technique. designed to reduce fixation timei
and to increase the size of thle photographic area perceived inl a s-,ingle
f ixation.

In brief, the characterib tics of the four training methods were
(a) a geometric se-_arch strategy- -image searched from left-to-right and Lop)-
to-bottom, as a page of Engl~ish text is read; (b) a tactical search
strategy--i-mage searched along communication lines (roads, rivers, valleys)
areas of tactical. deployment, e.g., ridge lines and high ground, and so
forth; (c) a speeded search method--free search under time constraint; and
(d) a control method-- interpreters were g~iven target do toction practice under
a free search condition without time or procedural cons trai nt. Feedback dur-
ing practice was provided for the first three methods but not for thle fourth

method. Target detection performance of four groups of eight: interpreters

per group--each group trained under a different experimenltal method--was de-
termined before and after training. Performance dlala appear in 'Table 5

Posttraining results for tile two -systematic search methods showed a
marked improvement in the total number of target detections compared with
pretraininq results. However, this increase was at the e-xpense3C of anl in-
crease i~n the number of inventions (nontargets detected as targlets) . The
speeded search method produced thle greatest gain. Search time was reduced
about 6514 with ltittlte degradat~ion of othcr performance aspects.
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After the research dAeser ibed above was completd, all invest~i gjatl il of
error avoidaneC was conlducted, and then reported [ll 1 th appenIdix to I-le st~udy.
Tmiaqory conta~ininq exaniples of fre(quontily repo~rted nlolt~arqet i tem.- 1:.i tI r';O t!

was nalyed.Expert interpreters judged the cause of erroneousdtecin

to be. dueI t7o vario0us lcos pee of vehicular tracks, i311adow!S along
roads , wet spots or puddles on dirt trai ls, rectangular or highlight-ed tre~e
crown.,, rocky formnation.-, and so forth. Ani instructional Unit was prepared
using examples of those conditionti thlAt led to erroneous detections. 'Ili s,
type of training is anl example of an error key (Martinek, llilligoss, &
Hiarrington, 1972) . Pre- and p)osttrain.Lng performanice of eight experienced
interpreters trained withl this error avoidance material showed a 50% reduc-
tion in inventions, with nlo reduction in detection completeness and with a 20%
reduction in search time.

Operational Applications. Search time can be reduced by training, but
only at the expense of fewer detections or more errors.

'Ile. numrber of false target detections (inventions) can be reduced by
error avoidanlce training using an error key. Systematic development and use
in the school and on1-the-job should be initiated.

Research Recommendations. Research should determine the effect on the
accuracy, completeness, and time required for detection by combining rapid2
systematic search and error avoidance during training. It should also dei-er-
miine the extent to which~ such training persLsts over time.

'teamn Consenlsus Feedback

TPhe use of interpretation teams t~o produce more complete, and/or more ac-

curate reports than interpreters working alone was decribed inl a previous
ART research summary (Birnbaum, Sadacca, Andrews, & Nar-va, 19691. This finld-
ing suggested the use of teams in jILinterpretat.ioil training, since thle team
consensual. Judgmnent would provide more accurate knowledge of results (feed-
back) than would be available to the interpreter practicing alone'.

The team consensus feedback methodI offers a simple and inexpensive solu-
tion to the problem of traininyj in 1-he field. Imagery available in tile in-
terpretation facility can be presented to a team of interpreters; thein-
vidual team members make their interpro-tations and then compare andl di scuss
results with teother team meumbors- and resolve anly conflicti ug
interpretations.

Research was initiated to i~nvestigjate, empirically, the most effective
methods to be used in tirainingj individuhal interpreters by the team consensus S
fee-dback approcich. Factors other than work procedures t~hat were varied inl
those expcriments were delay of feedback, size of team, composition of team
in terms of initial interpretation proficiency of team memlbers, and the eif-
fect of initial prof iciency onl subsequent learning. Ini the f inal. exporiment,
anl attempt was made to investigate the nature and extent of the learning that
occurs anid the ,ihape of the learning. curve.



I'okr exi~eriimeiits were conducted onl the i.v(' of teaml consensun iJe(Ibauk
The first 1:-wo studies, were, described I~n separate AlU report-,- (llirnbauw,
S~id~ccii, Akurews , &~ Narva , 1969. Cockr~ell..., 1 969) aind tile fii ial two inl al othelr
A14.1 repoI~xrt (Cocikye.l I & Sad(1yc('a, 1971) . ouily t~he f~illit C'I eFpoIlleil will~ be
semi llrized , sinice it uised thiose proceciureŽs and conetitiions shown to he, Ilost
e ffeot~ive i.n interpre ter trixi.inizq by teaw ctnslI fedback il thle fir-st.

throke experimentsi. This5 findia expe ri-molt ..,ouqh1t: to determine thie iat~ure and

T'wo team consensus feedback )rocedires were soectod- -:Lerial conseiisus
Ceedback andA .immediato conson'~si- 1~eedbac1,. Thoese are deinee z

o Serial Consensus IF'edhacok: Plachi teami miember interprets a lf
ferent stereo pair of photographs anriotatinq and identitying all 2
targets. After all team mtembers; are fn-.isned, membors; change
p.osition and chuck the work of ianotheor member and( theni searlch
the iuiaqei.v for xdton1targets that may have been Alipsed by
thle initi~al interpreter. A~fter all members have completed this
step, they discuss the resilts and attemipt to resolve any
conlflicts.

'IEmmediate ConsensusFeedback: Each team meiiber interprets a
copy of the siime stereo p~air of photographs annotating ivid
idenutifying all. targets. After all miemberq avre finishced, re-
sults are compared and discus!se(d, and conflicts are resolved.

Choice of team size was not clearly defined by Fignificant resiults from -

the previous research, but trends seemed to indicate that thiree-pers.on teams
wore preferable. DiSCUSSion1- Of rsYCUt~S amlong team members during thie team'.,.
QVa Ilat.iofl of. result~s ha1.1 not been i ao:V ae to be bemof i ial but. Was re-
ta~ined for this expe rimIlenlt. ITeamls were required to i~denti fy al~l Larquts at
Uross niameý level, e.g. , tracked vehicle, whteeled vehicle, and so forth. All
teamls, were leteorolIollls; ill toriIs, of ini.t; al i uterpretat:ion proirtXciciney of
the memibers and Were, compos.et of one hig, one modiuxm, and ovit low in

20
Thre tess wee usd toziý;esT erforinance . Flach i nterprotor

test. Vhese, tests were roughily equated buit were used in counterbalanced or- T
der to i tisure that. any di fferences i ii test di Mfi~culty would not bi-is resul ts.

Results tor thi~s fourth experiment, shlowed thlat. learainc) took Place dilL--
inq the 3-day practi ce period and that. learnilng was cje-trfor the team con-
sensus groups than for the control group.

Learning occurred for- al~l mecvuxres of: int~erpreter 1)erforiiianee sd-
target. i~dent~ifi~cction , number of targets correctly detected, and reduiction Aln
the nuimber of false tarqlets detected (jinventions) . Figure 4 shows the learn-
ing cuirves for the target .idenitj.fi'cat~ion score. for 1ll, three tra~ining Methods
and for oachl of the three evl or niiit:.al interpretation proficiency of
team melmbers.
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The imnmedi ate consensus feedback rocedure was judged to be somewhat su-
perior to the serial consen5,us feedback method. Learning with serial consen-
sus feedback was initially high and then slowed; learning with the immediate .:-

consensus feedback method was steady at a moderate rate. For the no-feedback
(control) groups, learning was steady at a low rate.

Operational Applications. The following applications are taken from all
four experiments; they can be applied in the field or during formal training: 4-

9 Precise feedback was shown to produce greater learning, but this
type of feedback is impractical in some operational units. It
should be used in formal training and in computerized facilities
if information storage capacity is sufficient and if time for
on-the-job proficiency training is available.

Team consensus feedback is an effective way to develop and main-
tain interpreter proficiency. Consensus feedback can be used by
two or more interpreters using operational imagery during normal

operations but under little time pressures.

* •'ams that are heterogeneous in proficiency learn more than do

homogeneous teams. This indicates that team members learn from
each other and that without one member who is more proficient
than the others, little learning will take place.

Research Recommendations. The results of the team consens". feedback
research indicate that this approach has merit for training and proficiency
maintenance. Perhaps additional research is not judged necessary. However,
the definition of high, medium, and low proficiency in interpretation skill
was based on performance on the pretraining tests. The interpreters partici-
pating i. -hese experiments were all recent graduates of the Army imaQe in-
terpreta,.on course, and it seems reasonable to assume that the range of in-
Lerpretivc skill among the members of the group was not very large. In one
of the team consensus feedback experiments, the mean target detection com-
pleteness score for the members with greater proficiency was 48.5 and that
for the members with lower proficiency was 37.3. This difference in skill
level was sufficient to produce a significant change in performance for the
lower skilled group. This observation suggests three other research efforts
to answer the following questions:

o How is learning rate of the less proficient team members af-
fected by the skill level of the most proficient member?

e Since the most proficient member of the team has been shown to
learn littl.e more than interpreters practicing without feedback,
how can the progress of the most proficient member be facili-
tated? Piecise feedback, if available, might be an answer.

* Whiat other factots inherent in the most proficient team member A
are conducive to ii.creased learning by le's proficient team mem-
bers? Should leadership of the most proficient member be clog-
maLic, laissez-tfaire, democratic, or some other personality *1
characteristic?

SO
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Structured TrainingI Content

A summary (Birnbaum, Sadacca, An-rews, W liarva, 1969) of research using
computer-assisted instruction to teach interpreters to identify U.S. Army
cargo trucks and tanks was structured primarily around the method of pre-
senting the training material (linear o,: branching format) and two types of
feedback (response-.sensitive and response-insensitive). A linear program
presents the training material in fixed order with small incremental steps
between instructional increments, whereas a branching program permits the
student to skip over easy matprial. Response-sensitive feedback provides in-
formation tailored to the student's response--if the answer is wrong, the
correct answer is given along with an explanation of why the student's answer
was wrong. Response-insensitive feedback provides the correct answer only.
Results of this study showed the branching program to be superior and that
there was no difference between the two types of feedback.

The foregoing research used the technique of training the interpreter in
the significant features or signatures of each target. However, it may be
more advantageous to present pictures of the targets to be learned--at varin-
ous image scales, different orientations, under various light conditions, at
various levels of distinctiveness, and so forth--until the interpreter is
able to name the target each time it is presented. This perceptual approach
requires less expensive instructional material, and the instructional unit
can be prepared without specialized training personnel.

The objective of the follow-up research (Cockrell, 1978) was to evaluate
an instructional technique for training interpreters in target identification
that would (a) be easy to develop; (b) require only materials that are opera-
tional unit would have readily available; (c) require little effort for up-
dating or revision; (d) be flexible in terms of amount of training that could
be provided--ranging from a few minutes to a few hours; and (e) allow free
choice by the student as to the material to be coVered. The four training
methods used in the evaluation are described below: Y.

Unstructured Pictorial Method: This method typified the study
objectives. The instructional materials could range from
slides to hard-copy photographs. Presentation could be done by
computer-controlled displays down to manually turned photos. Key
pictures showing targets to be learned were presented, followed I
by target pictures presented in random order. The interpreter
identified each target picture, received the appropriate type of

feedback, and proceeded to the next target picture until mastery
was achieved.

Structured Textual Method: Verbal. questions with multiple-
choice answers were used to teach interpreters to memorize cues
associated with each tank or ciuck to be learned. Schematics
and dichotomous cues leading to identification were used. Key
pictures and training pictures carried the target identification
under each vehicle. The emphasis fot the student was to learn
and remember cues that distinguished each target and not to pas-
sively learn to recognize the target. Appropriate feedback was
given after each response.
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Structured Pictorial Method: This method was similar to the un-
structured pictorial method except that difficulty was ordered
to enforce a low error rate. Training progressed from the easy
to recognize targets to the more difficult. Feedback similar to
that for the unstructured pictorial method was provided.

* Structured Method (Mixed): The first half of the training under
this method was given using the structured textual method and
the seconid half using the structured pictorial method. Feedback
provided during the first and second halves of training was con-
sistent with that of the method used.

Eight interpreters were trained under each of the four methods. Half of
each group received response-scnsitive feedback and the other half received
response-insensitive feedback. High and low aptitude (defined by the General
Technical Aptitude Area scores) was balanced across all experimental condi-
tions. Posttests on visual target identification and verbal target cues were
used to evaluate the effectiveness of training methods and feedback condi-
tions for each GT level. The results of the experiment showed the following:

* Target identification performance was significantly poorer for
the structured textual method and about the same for all three
methods using pictures.

* Type of feedback given has no significant effect.

* Learning did not vary as a function of GT aptitude. However,
interpreters with lower aptitude appeared to forget training
more rapidly.

Operational Applications. Effective school and on-the-job training in
target identification can be provided with a minimum of instructor participa-
tion and relatively simple support, using operational imagery as the basic
instructional material. Immediate feedback on right or wrong answers is vi-
tal but need not be complex.

Research Recommendations. Retention of learned target identification

vi skill should be evaluated, especially for the lower aptitude interpreters.
Is the learning acquired under pictorial training more or less resistant to
forgetting than that attained under textual only or textual/pictorial mixed
training?

Coordinate Determination Training

Another experiment involving structured training content evolved from a
report (Kause, Thomas, & Jeffrey, 1973a) on the accuracy with which inter-
preters could determine ground coordinates of targets detected on side-
looking airborne radar (SLAR) imagery. The results of this study were dis-
couraging--the median ground plane error (elevation was not determined) was
about 5,000 meters. SLAR imagery from the Army AN/APS-94 with scale of
1:500,000 and 1:1,000,000 and from the Air Force AN/APQ-102A with scale of
1:400,000 was used. Annotated locations on the imagery were to be
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transferred to a topographic map of 1:250,000 scale and the coordinates of
those locations determined. This is a difficult task because scale of
""imagery and map are different and the radar image and the map portrayal ofSthe terrain are dissimilar. Because of the magnitude of the error obtained, ••,

a training program was needed to help the interpreter correlate the SLAR
image with the map to reduce the error.

Because of the above results, a four-phase training program was de-
veloped for another experiment (Kause, Thomas, & Jeffrey, 1973b) to improve
target location accuracy. The salient features of the four phases were the
following:

* Phase I: Correlate imagery with map using imagery and map of
the same scale. Prominent targets on both map and imagery were
used.

* Phase II: Locate targets by triangulation. Same as Phase I,
except that the targets did not appear on the map and their po-Pf. •sitions had to be obtained by visual triangulation from other •••

points.

* Phase III: Locate and plot position of the SLAR-imaged scene on
map of different scale. Scale of map and imagery differed.
Imagery was at the natural scale at which it was generated, and

r the map was at a scale of 1:250,000. A new task was introduced,
that of plotting the flight path of the imagery. $1

& Phase IV: Locate multiple targets by visual triangulation where
a scale difference exists between imagery and map. Interpreters
were required to block inflight path as well as provide coordi-
nates of each of multiple targets not shown on map.

4-t .

Feedback was provided at the end of each training exercise.

The experimental group, after training was completed, was given a di-
"rected search task in which they determined the location data of targets an-
notated on the imagery. A control group, which had been given a training
lecture but no specific training in determining coordinate location, per-
formed the same tasks as the experimental group.

The erperimental group determined location data much more accurately
than did the control group. The median error for the experimental group was
less than 5,000 meters, while that for the control group was greater than
10,000 meters. The absolute magnitude of these location errors for both
groups is still excessive for operational use.

Operational Applications. Training with feedback can improve perform-
ance over that achieved by an untrained group. Such training methods have 4

application to many different interpretation tasks.
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Research Recommendations. Additional research should explore the abil-
ity of experienced and/or expert SLAR interpreters to perform this task.
Such informa ion will permit the specification of the accuracy limits
attainable.

Use of larger scale maps for determining coordinate data may be bene-
ficial and should be tested empirically.

Computer-Aided Instruction

A feasibility experiment (Narva, 1972) to determine the utility of the

AR-85A Viewer-Computer and its peripheral equipment as a computer-aided in-
structional tool was conducted in the early 1970s. This hardware was part of
the Tactical Imagery Interpretation Facility (TIIF), AN/TSQ-43A, and has be-
come outmoded. Continued consideration of this hardware for computer-aided
instruction (CAI) in image interpretation is not profitable.

However, ignoring hardware, the basic premises underlying the report
have implications for newer systems. Considerations underlying the employ-
ment of any computer-based system for CAI include: (a) the instructional ob-
jectives to be achieved, (b) the limitations of the computer and the associ-
ated input-output capabilities, (c) the instructional strategy and materials
required, and (d) the programming required to present the instructional
program.

Operational Applications. Factors specified in this research should be
given careful study prior to the initiation of a CAI training program in
image interpretation that uses equipment in future computer-based interpreta-
tion facilities.

Research Recommendations. The design of the next generation of inter-
pretation facility may have given consideration to the potential use of the
system for CAI training. If not, as soon as the design specifications are

known, a cost analysis of the potential use of the system for CAI should be
conducted so that minor modi-fications can be made, if needed, before the sys-

tam is fielded.

IMAGERY INTERPRETATION KEY DEVELOPMENT

Error Keys

According to one source (hlont';overy et al., 1.980), the objective A
in the development and maintenance of references to the imagery interpreta-
tion process is to develop concise and accurate materials for distinguishing
items of known or potential military significance. In developing a key for a %

particular set of objects, special care is devoted to the identification and
specification of features that distinguish members of this given set. ARI
research (Birnbaum, Sadacca, Andrews, & Narva, 1969) identified a new re-
quirement for keys that involved the use of "error keys" to avoid misidenti-
fication of items of military significance as nonmilitary items (an omission
error) and, conversely, the misidentification of nonmilitary items as items
of military significance (an invention error)
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Another error key study (Martinek, Hilligoss, & Harrington, 1972) sought
not only to reduce the number of inventive errors made in interpretation but
to reduce the number of.common omissions among image interpreters as well.
The purpose was to develop an error key for use in Vietnam that would
(a) increase the number of correct responses--by reducing the number of com-
mon omissions and (b) decrease the number of wrong responses--by reducing the
number of common inventive errors.

In the first phase of the development of the error key, Vietnamese
imagery was interpreted by 50 image interpreters. Their responses were
analyzed to determine suspected causes for common inventive errors and common
errors of omission. The greatest number of omissions common among interpre-
ters were for vehicles, sampans, and personnel. Objects giving rise to false
alarms involved graves, craters, brush, and trees. In the second phase of A
key development, representative imagery exampling these common causes was se-
lected, assembled into a key, and provided with the necessary instructional
material.

Evaluation of the utility of the key was accomplished by using a new
sample of 122 inexperienced image interpreters. These interpreters analyzed
the samp Vietnamese imagery that had been used in the first phase--for error
definition--with and without the error key. Interpreter performance was
scored for the number of right identifications, the number of wrong identifi-
cations (both misidentifications and inventions), and the accuracy of inter-
pretation (R/R+W). Results showed that use of the error key improved per-
formance as follows: (a) number of correct identifications increased by 39%;
(b) number of wrong identifications (misidentifications and inventions) de-
creased by about 26%; (c) interpretation accuracy increased by about 43%.
Conclusions drawn include the fol owing:

e Use of an error key produced marked improvement in interpreter
performance over that achieved without use of the error key.

* In general, interpretation completeness was low. Even with the
error key, only about 10% of the available targets were
reported.

e Interpretation accuracy was low also. Even with the error key,
only about half of the information reported was correct.

Operational Applications. Error keys can be used in the field to reduce
inventive errors and omissions. Error avoidance training should be incorpo-
rated in the image interpretation training curriculum.

Error keys should be developed for other geographical areas of potential
interest.

Error analysis should be applied to student performance in the image in-
terpretation course and in on-the-job training to help define areas where im-
provement is needed.

55



Research Recommendations. Error keys should be developed and validated
for other sensor systems besides the photographic sensor (e.g., infrared,
video, radar). Photographic error keys should be extended to include differ-
ent image scales and types of photographs--vertical, oblique, digitized, etc.

Error Avoidance Training

An unpublished instructional manuscript (Army Research Institute, 1971)
was developed as a training package to familiarize students with the use of
image interpretation keys to c' tect common errors made in identifying objects
on aerial photographs. Two distinct image interpretation keys were pre-
sented. The first document, Error Keys as Reference Aids, provided the ex-
planatory material for photographic imagery acquired in France and Belgium
during World War II and had been used in an earlier error key research
(Birnbaum, Sadacca, Andrews, & Narva, 1969). This text material provides a
step-by-step set of instructions to the student, explaining the various error
types, such as tree shadow error, size error, tree top error, and so forth.
Annotated locations on the imagery used with the instructions are specified.

The second document, Interpretation Errors on Vietnam Imagery, parallels
the first for a different geographic area and for another culture. in addi-
tion to tree errors and size errors, probably the largest number of errors
made on Vietnam imagery were caused by misinterpreting local religious and
agricultural features as military targets. Shrines, temples, walled graves,
and grave mounds appear frequently and are often misinterpreted. In the
first document, the student was given a systematic tour through the various
types of errors frequently made by peers. In addition, the second document
emphasized common omissions made by interpreters of targets of military sig-
nificance in Vietnamese imagery.

operational Applications. These manuscripts provide a point of depar-
ture for the development of a training unit on error avoidance for formal
training of image interpreters and/or for on-the-job training.

Research Recommendations. Work should be extended on the development of
expanded training units for error avoidance.

In another experiment (Powers, Brainard, Abram, & Sadacca, 1973) exam-
ples of inventive errors were obtained over a range of images. Expert inter-
preters analyzed these images and inferred the underlying causes for the in-
ventive responses. Their consensual judgment elicited five major error
categories:
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"* Inferring the current presence of vehicles from old track
activity.

"* Misinterpreting unusual shadow patterns as military targets.

" Attributing target-like features to unfamiliar objects.

"* Confusing regularly-shaped tree tops with targets.

"* Interpreting natural terrain features (e.g., rock formations)
as targets.

Tactical reconnaissance imagery was assembled that contained nontarget
objects and situations of the type that might lead to false alarms. Three
groups of images were established: (a) a small set of images without anno-
tated objects representing the inventive errors most frequently made; (b) a
similar set with annotated objects combined with a descriptive list of the
errors commuonly made for each annotated object, along with the probable
reason for the error (trainees read the pertinent description after first de-
ciding whether or not the annotated object was a target), and (c) an instruc-
tional set of 80 images with about 200 annotated targets and nontargets--
trainees used the error keys to help them decide whether the annotated ob-
jects were targets or nontargets. Matched sets of 27 unannotated images were
used to assess the utility of the error key training. Eight experienced
(average 2 years) image interpreters searched one set for targets prior to
training and the other set after training. The number of inventive errors
was reduced by about 50% by training, whereas identification completeness was
unchanged. Time required per image was reduced by wore than 20% by training.

Operational Applications. Error keys are an effective way to reduce in-
ventive errors in image interpretations, even for experienced interpreters.
They should be used in school and on-the-job for proficiency maintenance.

Research Recommendations. A longitudinal study should be conducted to
determine whether error avoidance training persists over time or must be
periodically reinforced.

Pictorial Characteristics of Interpretation Keys

Conventional image interpretation keys are used to help the interpreter
make a more accurate and complete identification of objects detected on the
imagery. Such keys may be quite elaborate, showing oblique and vertical
photographic views of the objects, giving size dimensions, listing salient
and unique characteristics and so forth that differentiate the object from
related objects in the same category. In other instances, line drawings
(schematics) may be used instead of photographs.

Three related experiments (Narva, 1972) were conducted to investigate
the characteristics of pictorial content of reference materials (keys) used
by image interpreters, with a view to determining the moqt effective way of
representing objects in the key. In the experiments, selectcl pictorial
characteristics of image interpretation keys were varied, and the effect of
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the var.iation!; on per formance in .identifyinq mi.litary vew.-i.cle, waCs deterilli.ned-
Each experiment dealt w.ith a different combiznation of the following:
(a) photograp.Ahs, line drawings, or both; (b) angle of view--vertical, oblique,
or both; and (c) scale of image in the key--large or small. In t-he first ex-
periment, a computer--in response to inputs from the interpreter--derived the
three categories most likely to include the vehicle to be identified. The
interpreter then referred to tihe key (in looseleaf notebook form) to make the
final identification. In the other two experiments, the interpreter used only
the key, which contained no textual material. In each experiment, image in--
terpreterd identified 16 vehicles organized into four sets and presented in a
balanced research design. Two levels of image quality were used in the test
imagery.

Performance was more rapid with photographs than with line drawincgs when
the key was used with a computer-assisted selection procedure. When the key
was used alone, no difference between photographs and drawings was found in
speed or ill nunmber of correct identifications. No advantage was obtained by
presenting more than one viewing angle, nor by presenting photographs and
schematic representations together. Reduced scale in the key iruages required
more identification time, but did not affect accuracy. The experiments indi-
cate that greater leeway in the materials included in keys and in the manner
of presentation is possible without affecting performance. A

operational Applications. l~ine drawings and photographs were equally
effective. For CRT displays, key information retrieved from memory in line
format can be used for interpretation references.

Viewing angle is not a significant factor in interpretation keys. Key
pictorials need not match imagery in terms of viewing angle.

Key pictorials at reduced scale may increase time required to use the
key because of need to use a magnifier.

Although no increment in identification performance was obtained by us-
irig both photographic and schematic representations together, there is some
indication that difficulty of-identification of certain targets is reduced
when both represen ations are present ill the key. The target involved and
associated degree of difficulty may dictate which type of presentation should
be used or whether it is desirable to present both.

Research t' ,commendations. Research should be conducted to determine an
optimal scale or range of scales to present the appearance of a target ade-
quately and still permit use of the key without magnification.

Firther research into how photographic and various schematic presenta-
tions nay be integrated is needed; the effectiveness of such integrated pre-
sentations should be assessed empirically.
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Infrared Image Interpr-tation Keys

Research (Root, Young, & Narva, ].974) was coniducted to determilne the
most effective content of reference keys for use in interpreting infrared
biagery. Four experimental keys were developed, differing in type and amount
of information presented. The Minimum Information Key presented two repre-
s entative images--one with the target in the open and the other with the tar-
got embedded in voget~at-ion--for each target type acquired under favorable
take conditions (i.e., at relatively low altitude and at a time of day when
target to background contrast was good). Additionally, for each target type,
the cue or cues that help to identify the target uniquely were given. Writ-
ten information was presented on targets with similar and thus potentially
confusing signatures. The Intermediate Information Key included all infor-
mation given in the Minimum Information Key plus representative images for
each target type under variations in two of the most important acquisition
parameters--time of acquisition and altitude. The Maximum Information Key
included all information provided in the Intermediate Information Key plus
representative images showing the effects of selected acqui 3ition parameters
and special cues. The Error Key concentrated on presenting information to
prevent errors of omission, invention, and misidentification (but not de--
veloped like the previous error keys were). Keys of each type were developed
for six tactical targets.

Forty image interpreters with little experience in infrared interpreta-
tion were divided into five groups of eight each. Four groups had available
one of the experimental, keys, while the fifth group had no key. After a
3-hour training session on the interpretation of infrared imagery, each in-
terpreter was given a roll of 30 unannotated frames of infrared imagery on
which to detect and identify targets. Nine annotated target frames were also
analyzed by the interpreters. Performance was scored in terms of targ-t de-
tection, target identification, and the time required to complete the as-
signed task.

Only the Maximum Information Key had any significant effect on perform-
ance. Interpreters using this type of key identified more of the targets
they detected than did interpreters not using a key. This indicates that
once a target had been detected, its subsequent identification was signifi-
cantly aided by access to the Maximum Information Key.

Operational Applications. In the development of keys for infrared
imagery, emphasis should be placed on the presentations of cues and effects
of acquisition parameters specific to the particular type of target being
treated, rather than on the presentation of generalized effects of acquisi-
tion parameters.

Research Recommendations. The utility of the experimental keys de-
veloped in this research should be reevaluated using experienced infrared
image interpreters. I-
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Intrared Data Base DesigIn

Research (Root, Ray, Drahosky, & Narva, 1980) was conducted to explore
the feasibility of establislhing a single reference inforrllation data base to
improve interpreter performance in two ways: (a) the data base would provide
reference materials that the interpreter could use ais an interpretation key
during operational interpretation, and (h) tile data base could be used for
on-the-job training through systematic exposure of the interpreter to the
available data base materials. The report presents the results of a design
analysis to define a method for establishing and utilizing such a reference
data base to support interpreter functions within a future, computer-based
imagery interpretation facility, as well as the results of experimentation to
test certain aspects of such a data base for its usefulness for on-site
training and operational interpretation.

It. was assumed that the future interpretation facility could support in-
put/output equipment such as a CRT/keyboard combination, provide sufficient
memory capacity to store an index of available reference information against
which interpreters could levy information requests, and retrieve a store of
reference information in the form of standard 70 mm x 100 Tmw chips. Among
reference materials, prior cover, interpreter reports, and maps serve a valu-
able function in assisting interpreters in the accomplishment of their over-
all task. However, this study concentrated on tile utilization of the type of
information usually contained in interpretation keys, with primary emphasis
on infrared reference materials.

To determine data base requirements to satisfy the basic study objec-
tives, a detailed questionnaire was prepared to obtain information relevant
to data base content n.ces.ary for uzse both as i.11f.KaYeu key Muterial. and as
training materials. The questionnaire was administered in two groups:
(a) senior instructors of the Army image interpretation course, and (b) a
group of experienced civilian interpretors with prior service experiience. An
analysis was conducted of the organization and content of the infrared data
base for reference purposes, toqether with a consideration of the mechanics
for the construction and display of such a data base. An indexing scheme and
retrieval methodology were also devi-sed. An experimental data base, based on
the analysis, was developed with appropriate software to empirically test the
concepts developed in the analysis. One test was designed to ascertain
whether structured exposure to data base materials, in the form of slides,
would increase interpreter proficiency; another test studied the efficiency
of such a data base as an aid during .interpretation.

Sixty-four image interpreter., participated in the empirical assessment
of the utility of the data base. For the training objective, all 64 inter-
pyreters analyzed a 5-inch roll of infrared film containing 30 frames with one
(.arqet annotated onl each frate--tLhe pretest. Two matched groups of 32 inter-
preter's each were established, and one group was given structured training
with the data base materials whi.le the other group received no training.
After training, both groups analyzed a second infrared roll, of film contain-
ing 30 frames with one annotated target per frame. This was the posttest.
'or the keys study, trained and nont:rained interpreters wore distributed

equal.ly among thie four key conditions: (a) accession to pictorial key ma-
torial by acquisition parameter only; (b) accession to key material by target
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type onily (C) accussi~oli to key material by both acquisition parameter andt
targjet type ; and (,,I) no key prfovided . Si.xteen i ute rpret~eru , e ight trai ned

and eiht not trained, w(reasi oo to 1 eahuy Condi tion . lecie-
1)reter.s a:nalyzod a third VoIll. of- inlfrared filmi consi stinq of 30 frames with
olle annotated targjet per frame. Interpreter pey'formatncc wausscaotd in termse

oftarget. identificati on accuracy and time required for: interpretation per
roll, and t~hese dat~a then analyvokd. Rezuallts inclu.1ded thle followi lic

*Three kiinds of i nformat~ion wore delineated for tile frnc
inifor-matiron da ta bas~e. The fir1St kind presented a single image
containing each target type under one set of" acquiisition paramle-
ters, prnvidingq simultaneouts viewin; nIf several targets under
one set olf acquisition paraileters. The second kind presented
rimages ofr a single target type under all acquisition conditions,;
permitting analysis of the, appearance o)f- a single target type
under -A range of acquisltmio conditions. The third kind pro-
sentedl detailed targjet information, primiari ly t~extual material
conicerning taeget. des-cription, employment, misidentification
errors, effects of weather, and effects of imnagery degradation.

o An indexing scheme was devised to permit access to keys, prior
covet, interpreter reports, and maps.

*Procedures for the use of the keys portion o1f lJie data base
were suggested and related to operational. interpretation as- well
ais initial. and refresher training.

* In the emoirical. invosti.tation of the uitility of the datal base,
itL was found that thre requunjL~ florrats usedl on thle CRT computer
interface could be effectively handled by t~he i~nterpreters withi
littlo trainiingi. The information presen-ted on the Slides Could
be utilired easily for training and as keys.

*Structured exposure to the data base in trainiing sessions in-
creased the trained intecrpreters' proficiency in target ident~i-
fi cation at the category level.. iloweve~r, target: identification
performance was uinaffected by the key condition used, excopt that:.
more time was required to use keys.

0.rational_ Applications. Reference material. that decreaises in value
With) time, suich as prior covelraco and proviousl~y pr'ipared interpreter re-
ports, should be indexed for rapid retrieval but stororl in its original
form.

1eeec materia) that. remainls conlst~an t il nValue, suIch1 as, Maps or key
material , should be stor~ed in a iunit record formual (c .g. , cis a 70 imm x 100 imm
chip) for speed of' re c tr.r oval, rapid access, and minimal bulk of material. to
be stored.

Mic~rofil~m technology , w.hi~cl otfers; a method of storing large amounts of
i nformationl Oil a sim nglopi.(-co of' f11i i, should be considered for stori ng ret.-
eren( 1.0 orat. t on



ito be of maximum ubeflilness, there ,Ahould be provisions for expansion of
the data base and for substitution within the data base. Field units should
be able to perform these functions so they can tailor the materials to their
own needs.

The empirical demonstration supports the notion that reference irnforma-
tion can be indexed, requested, retrieved, and displayed with computer as-
sistance. Although the demonstration was concerned only with the retrieval
and display of key information, such a scheme may be used for the retrieval
of other types of reference information, such as maps, prior cover, and pre-
vious interpreter reports.

Research Recommendations. Further experimentation is required to reach
more definitive conclusions concerning the effectiveness of this prototype
data base for interpretation purposes.

Additional research should be conducted to develop data bases for sensor
systems othe2r than infrared.

Special Ke ys

ARI designed and developed an image interpretation key to Army tents
(Martinek, Bigelow, & Jorgensen, 1968). It was prepared specifically for the
use of ARI image interpreters in preparing scoring keys for research purposes
and for Army and other military personnel participating in image interpreta-
tion research. It was intended to help interpreters identify various types
of tents rapidly and accurately.

The key included most of the standard Army tents then in common use
(September 1966). A few types were obsolete and were so designated. They
were included because they still occurred in isolated instances on recent
photographs of Army camps and, more frequently, on earlier photo coverage.

Operational Applications. The Army tent key can be used as a research
tool to help identify tents in the determination of "image truth" for scoring
purposes by experimental subjects in responding to test materials involving
U.S. Army equipment, and in training exert~ises in the field.

To make this kay current, the key should be changed to reflect changes
in Army tents.

Research Recommendations. None.

An unpublished key (ARI) termed the U.S. Equipment MINI-KEY is a two-
page photographic key produced by ARI. Scale model vehicles (HO gauge 1:80)
and items of U.S. equipment were arrayed on a terrain board and photographed
in vertical and oblique views. The objects in the arrays were tic marked and
numbered. Target names and dimensions are given on the lower half of the
vertical imagery.
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This key was developed for use in research by interpreters participating
in experiments. It provides a convenient method of assisting interpreters to
identify various objects of U.S. equipment. Several operational units (in
the Air Force and Army) have found this key to be useful for training and
maneuvers. The two pages of the MINI-KEY appear as Figure 5 and Figure 6.

operational Applications. The MINI-KEY provides a useful and convnient
guide for identifying Army equipment for research and operational use. Sev-
eral operational units use the key for training exercises.

MINI-KEYs of potential enemy equipment should be developed for training
and operational use.

Research Recommendations. None.

RECONNAISSANCE RESOURCE MANAGEMENT AND UTILIZATION

General

This section of the review differs from the preceding sections because
it is not limited to the image interpretation task. The emphasis here is on
the job requirements of the G2 Air and image interpreter personnel within the
Army aerial reconnaissance and surveillance (AR&S) system. Changes in sur-
veillance systems as well as changes in military capabilities impose changing
requirements on such personnel.

Job Requirements

Research (Youngling, Vecchiotti, Bedarf, & Root, 197?ý das conducted to
determine the tasks, duties, and associated procedures of G2 Air and image
interpreter personnel in the Army's AR&S system as currently performed and as
projected for the future, and to identify changes in job duties and training
required in the functions comprising these jobs to satisfy the intelligence
needs of commanders.

To accomplish this end, data were collected in three ways: (a) by a
comprehensive review of source documents; (b) by in-depth interviews with 40
personnel intimately familiar with the Army AR&S system; and (c) by an
analysis of responses to mailed questionnaires completed by active duty per-
sonnel functioning in the AR&S system. An ARI memorandum (Bedarf, 1972) was
prepared listing summary response data on the actual questionnaire forms
(Aerial Surveillance and Reconnaissance Questionnaire--G2 Air Personnel and
Aerial Surveillance and Reconnaissance Questionnaire--Image Interpretation
Personnel) on a question-by-question basis.

Data from these sources were integrated and used to delineate the jobs
of aerial surveillance personnel and to identify groups of related tasks per-
formed by G2 Air and image inteLpretation personnel. Flow diagrams and task
analyses of the AR&S system were prepared showing the skills, abilities, and
knowledge required of the various personnel. Descriptions were prepared
identifying representative duties, job aids, and general qualifications re-
quired of incumbents. Such descriptions were prepared for the current system
and for projected future air intelligence systems.
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The principal findings of this investigation center on th, '2 Air offi-
cer and the G2 Air officer position. The G2 Air officer is primarily a re-
source manager, but the personnel filling this position are inadequately
trained for the job. Also, a requirement was found for tactical commanders
to gain a better understanding of the capabilities and limitation of the AP.&S A
system and the role of G2 Air personnel.

Other findings suggest that more balance should be given to the subject
nmatter content in the training of image interrpreters. Some tasks are given
greater emphasis in training than the importance of the task in the opera-
tional setting warrants.

Operational Applications. Selected findinqs of this research have im-
plications for curriculum revisions in Army training courses for aerial sur-
veillance officer and image interpreter personnel.

71.

Research Recommendations. Materials should be developed to provide ap-
propriate resource management training for G2 Air personnel.

Development of Resource Management Materials

Subsequent to the investigation (Younglinq, Vecchiotti, Bedarf, & Root,
].974) conducted to determine job requirements for the 12 Air and image inter-
pretation personnel, a follow-up study (Vecchiotti, Berrey, & Bedarf, 1973)
was conducted to produce materials that the G2 Air offit.er could use for on-
Lhe-job training and guid-ance in the performance of operational duties and,
in addition, could be used in formal school courses. This dual purpose re-
quired the development of a flexible document that could be used in either a
classroom or field environment. The specific objectives were (a) to prepare
materials to help the 02 Air officer perform management duties; and (b) to
conduct limited field evaluation with the materials to determine their use-
fulness, acceptance, and final structure. At the time this effort was con-
ducted, no specific training was given to an officer assigned from the image
interpreter office position to the position of C2 Air officer to prepare him
to fulfill the G2 Air duties. The G2 Air officer designee, typically, had to
rely on on-the-job training to become familiar with the position requirements.

In preparing the materials, information was gathered on tasks performed ,A

by operational aerial surveillance and reconnaissa!'ýe (AS&R) units. From
this, a comprehensive study data base was develope_3 and its accuracy verified
by field observation and inteý<;iews. A content outline for a handbook was
prepared by integrating th- field interview data with personnel. The hand-
book was then prepared, taking into account the various training techniques
and aids appropriate for oi -he-job and school application. The handbook
mnderwent a limited evaluation by instructors and students of the AS&R Divi-

sion, U.S. Army Intelligence Center and School, to determine its usefulness,
acceptance, and final structure; it was then revised. A part of the handbook
content was programmed for use in an automatec, demonstration to explore the
ootent-i.al utility of the handbooK content as iniput for a more sophisticated
dat-, '.ýse in f.uturu systems. 'The product..; devel-oed in this effort include

z-.LC' O I ow Oc



* The handbook, "Aerial Surveillance and Reconnaissance MANAGER,"
prepared and used for on-the-jcb and school application.

* An automated demonstration of parts of the handbook, which indi-
cated its potential for futu:e use under computer control.

Operational Applications. The Aerial Surveillance and Reconnaissance
MANAGER has been used by instructors in the Aerial Surveillance and Recon-
naissance Division of the U.S. Army Intelligence Center and School for lesson
planning and practical exercises. The MANAGER has been requested and distri-
buted to operational field units. -•

Research Recommendations. A more extensive field evaluation of the
Aerial Surveillance and Reconnaissance MANAGER should be carried out.

Field Evaluation of the AS&R MANAGER

Research (Bedarf & Potash, 1975) was conducted to obtain a more detailed
evaluation of the usefulness of the MANAGER than was obtained previously. A
survey technique was employed in this second evaluation. The questionnaire
used was designed to permit the respondents to evaluate the AS&R MANAGER as a
whole as well as its component parts.

A group of 82 individuals--practicing G2 Air officers, instructors in
the Army surveillance officer course, and persons functioning in positions
closely related to the G2 Air officer position--were sent copies of the AS&R
MANAGER handbook and later sent cc-ics of the questlonnalre. Analysis of
their responses indicated that overall, the user population sampled con-
sidered the AS&R MANAGER to be an acceptable reference book and training aid.
The various sections of the MANAGER were rated as being moderately high oni
accuracy, completeness, and clarity. Respondents thought a major difficulty
was that not enough information was presented. This may be partially because
the handbook was designed to be both a training document and a reference
source.

Operational Applications. The survey indicated that subject matter ex-
perts considered MANAGER to be a useful reference and training aid fzr the G2
Air officer position. It also provided information concerning the factual
nature of the material contained in MANAGER.

Because more than 5 years have Žlapsed since the AS&R MANAGER was pre-
pared, the content of the handbook should be revised and updated to make the
reference current.

Research Recommendations. None.
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Utilization of Surveillance Resources

An earlier report (Youngling, Vecchiotti, Bedarf, & Root, 1974) indi-
cated that tactical commanders needed a better understanding of the capa-
bilities and limitations of the aerial surveillance and reconnaissance system
and the role of the G2 Air personnel. The objectives of an investigation
(Vecchiotti, Berrey, & Narva, 1978) conducted to enhance the comprehension of
commanders of infantry, armor, and artillery units concerning the capa-
bilities and use of the AS&R system were as follows:

To summarize and analyze the experiences and training given to
combat arms officers relative to the use of AS&R resources, with

the purpose of identifying areas where improvements in training
may lead to improvements in system use.

e To conceptualize and evolve experimental training materials
and/or methods that will increase the probability of more effec-
tive use of the AS&R system by combat arms officers.

* To explore the possibility of developing aids that might supple-
ment training and he used on the job for increased effectiveness
of AS&R use.

To accomplish these objectives, lesson plans and supplementary AS&R in-
structions were obtained from the three combat arms schools and the Command
and General Staff College. These data were reviewed to determine the scope

of AS&R coverage given in training. Another source of information relative
to the combat commanders' use of AS&R resources was obtained from the experi-
ence and opinions expressed by combat commanders concerning system capa-
bilities and ways to improve it. This information was derived from question-
naires completed by students at the Infantry School., Armor School, Field Ar-
tillery school, Intelligence School, Command and Genera) Staff College, and
the Army War College.

The results obtained from the curriculum content analysis and the
analysis of questionnaire responses were used to define areas where training
in the use of AS&R resources was needed. Training materials were developed
to provide information for those areas where students expressed a need for
more information about AS&R use. The materials developed were organized into
a document, the Combat Comnander's Guide to Aerial Surveillance and Reconnais-
sance Resources. The guide was designed to supplement reading materia]s
available during portions of the advanced officer course dealing with intel- -
ligence at branch schools.

In addition to the guide prepared for formal school use, job aids were
prepared for use in the field--one for each of the three combat arms. These
job aids are small, easy to carry, and help tactical commanders obtain bene-
fits from available AS&R resources.

Operational Applications. The Combat Commander's Guide to Aerial Sur-
veillance and Reconnaissance Resources is used worldwide in U.S. Army schools.
and units for training in AS&R use. The guide material has been divided into I
a Commander's Field Aid to Aerial Surveillance and Reconnaissance Utilization
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for each of the Combat Arms. The job aids are small, easy to carry, and pro-
vide officers with ready references in formulating information requests.

Research Recommendations. None.

Field Evaluation of the Combat Commander' s Guide to AS&R Resources

The Commander's Guide was evaluated using a survey technique. 'The ques-

tionnaire used in this research (Shvern, 1979) permitted the respondents to
rate the Commander's Guide as a whole, rate the major sections, and comment
on features not specifically covered in the questionnaire.

About half of the 60 officers who completed the questionnaires were bat-
talion commanders; the rest had experience in G3/S3, G2/S2, or MI areas. The
major sections of the Commander's Guide were judged to be useful, accurate,
complete, and clear. Many of the raters considered portions of the document
too detailed for commanders. A major problem of the Commander's Guide was
the obsolescence of many of t-'_- references to specific AS&R assets and
capabilities.

Operational Applications. The Commander's Guide is generally useful and
accurate, although many references to specific AS&R assets have become obso-
lete and are no longer suitable for training or reference.

The Commander's Guide should be revised to reflect the various changes
in AS&R assets. Greater emphasis should be placed on information the corn-
mander is likely to use.

Research Recommendations. None.

BASIC RESEARCH: VISUAL SEARCH AND TARGET ACQUISITION

General

Although ARI research in image interpretation is conducted mainly in
response to military requirements, a portion of the research effort is de-
voted to more basic research by ARI research scientists or through grants to
qualified institutions with unique research facilities for the conduct of
basic research in aerial surveillance. These basic research efforts are se-

lected as having potential long-range siqnificance for military developments,
but have less immediate applicability than the main body of API research.

Visual Search

Visual search is a central factor in aerial surveillance regardless of
whether the observer is looking directly at the environment or is interpre-
tinq a remote sensor display. ARI research on the effect of image quality on
interpretability was described in an earlier section of this review. How-
ever, the nature of the target and its surroundings, combined with observer
peripheral, visual acuity, was not investigated.
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Basic research (Bloomfield, Beckwith, Emerick, Marmurek, Ebo Tei, S

T[raub, 1978) on the above was conducted with a twofold objective: (a) to de-
termine the relationships among measures of visual search performance,
peripheral visual acuity, and ratings of target to background discrimina-
bility obtained with embedded targets, and (b) to compare competition and
embedded target search tasks. 'No principal causes that give rise to a need
for research on visual search are (a) the target may be confused with non-
target object.: that are within the search area (a competition search situ-
ation), and (b) the target may not emerge perceptually from its immediate
background because the patterning of the target and background combine in
some way (an embedded target search situation). More research has been re-
ported for the competition search situation than for the embedded search
situation.

This laboratory research effort used constructed displays for both the
embedded and the competition search situations. Several types of displays
were used.

For the embedded color display, the background consisted of 1-inch yel-
low squares, with each square touching the adjoining squares. Any square in
the background could be removed and a 1-inch square of another color inserted
as a target. Five target colors were used: white, tan, green, blue, and red.

For competition color displays, 1-inch yellow squares were arranged on
the displays, but the squares were not contiguous. They were arranged in
matrices with equal spacing between squares, as in a lattice. In the em-
bedded situation, any yellow square could be removed and replaced by one of
the target squares.

Black-and-white textural displays were used for the embedded search
situation only. One-inch squares of a photographic enlargement of expanded
mica texture were used as the background, with each background square touch-
ing surrounding squares. Any given background square could be replaced by a
target square cut from a photographic enlargement of one of the fol lowing
textures--oriental straw cloth, woolen cloth, pigskin, or beach sand.

The observers participating in this study were all students of Ohio
State University with normal vision. The experimental tasks performed in-
cluded the following:-

o Embedded target discrimination--that is, rating the relative
ease with which the target square could be distinguished from
the background squares--was rated by 28 observers for all five
color targets and all four textural targets with each target in
three different target locations.

Several different search tasks were performed. In two tasks us-
ing embedded target displays, search time (in seconds) was do-
term ned for each of the five color targets and for each of the
four black-and-white textural targets.
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* In four tasks, with the yellow squares of thie color display
background separated to varying degrees to create a competitive
search situati.on, search times (in seconds) were recorded for an
11/12--inch yellow target in one task and for two of the color
targets (white and tan) in the other three tasks.

o Peripheral visual acuity (in minutes of arc) was measured for
embedded and competition color target displays and for the em-
bedded black-and-white display.

For the conditionns of the study, the principal findings indicate that--

* Search time is inversely proportional to peripheral visual
acuity and to target discriminability, i.e., search time, in
seconds, is less for1 observers with greater peripheral visual
acuity and for targets that are more easily distinguished from
their backgrounds.

e Embedded search is easier than competition search.

* Two opposing effects appear to affect search time in competition
target search tasks. As the separation of background elements
increases, the target becomes more difficult to discriminate,
thereby increasing search time. However, as separation in-
creases, the number of background elements present decreases in
the fixed display area, tending to decrease search time.

Operational Applications. There Eire no direct - ..... io' a applic.atio- S
for the findings of this basic research project.

Research Recommendations. Additional research should be conducted to
extend this approach to the more complex real-world search tasks. The find-
ing that peripheral visual acuity is a predictor of search time may wIrrant a
full-scale effort to investigate the implications of this factor in selec'ting
observers for visual search and target acquisition tasks.

Prediction of Airborne Observer Object Recognition Performance

Aircrews must locate visually nav;igationa]. checkpoints, landing and
cargo drop areas, and targets of military significance. Although the field
commander may have past performance data available on the capabilities for a
given aircrew, iJt would be of much greater value to the commander to be able
to have data tailored to the specific situation.

Research (Bonnet; & Snyder, 1.978) was conducted to develop an objective,
field-amenable technique for predficting aifr-to-ground tactical target-by-
target acquisition performance. Although this research was conducted under
laboratory conditions, the advent of small. special..--purpose computers arid
automatic microdensitometric scanners that are field transportable makes
possible automatic mission success prediction, if the following conditions
exist-:

'7 1i•
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* Ae.rial photographic reconnai; -;anlWe imlagery is ova iA able and spe-
cific targets of interest have been acquired on the imagery;

One knows what type of and how many scans to make on the
imagery;

* One know.s which measures to extract from the scans; and

One knows how to combine these measures into an equation to pre-
dict mission success.

The primary objective of this research was to obtaiin data that could be
used to define optimal conditions for the last three req,',.' rements listed
above.

The aerial reconnais.3ance imagery used in this research was three
black-and-white 35 mm motion picture films recorded over a 3,000-1 scale ter-
rain model. The same path over the model and the ,ame simulated altitude
(10,000 feet) was used for all three. The three films differed in terms of
the simulated ground speed (500 feet or 3,000 feet per second) and/or camera
depression angle from the horizontal (450 or 230). The camera field-of-view
for all three films was 14.20 horizontal and 18.8 vertical.

Microdensitometric scans were made for 12 tactical targets contained in
these films. Data from these scans were used to generate 36 photometric and
geometric predictor variables that were used in a stepwise linear multiple
regression analysis to predict air-to-ground target acquisition performance.
These 36 predictors were reduced to I/ by a consistency criterion and tie 17
variables used to develop a linear model that predicted ground range to tar-
get at the time of acquisition. Three alternative criteria were used-.
(a) the ground range for correct responses only, (b) the ground range for
correct responses plus zero ground range scores for incorrect responses and 6V
omitted targets, and (c) the ground range for correct responses plus the
minimum ground range for incorrect or omitted responses.

The prediction model was evaluated for accuracy with both one and two
different images of the same target and for single and multiple microdensi-
tometric scans through the target in each image. The linear model was de-
veloped for targets in one film mission and cross-validated against the samne
targets in different missions. It appears feasible to predict the ground
range at which a given target will be detected by an airborne observer. This
prediction can be done automatically, given reconnaissance imagery, a micro-
densitometer, and a small computer.

The best prediction is obtained when at least two orthogonal scans are
passed through the target on at least two frames of the reconnaissance
imagery. With three properly weighted predictor variables derived from these
scans, up to 92% of the variance in tarqet acquisition range was predicted.
The prediction equation contained one measure of target size, one of back-
ground heterogeneity, and one •f tarqet/background contrast. Observer per-
formance was most predictable when the minimum available ground range was
taken as the criterion in the event of an incorrect or omitted target
response,

• • •I
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rre~dicted target acquisition range correlated highly with actual per-
formance on the cr'oss-validation m is .ions. This should not be interpreted to
mean that the predicted ground range and the actual ground range at target
acquisition were equivalent. High correlation between predicted and actual
results can be attained i f the relative rank orders between the two :'-ets are
preserved. However, the commander is interested in predicting the absolute
ground range at which a given target will be recognized by the observer under
the conditions prevailing when the mission is flown, regardless of how they
differ from the conditions existing when the reconnaissance imagery was
f lown.

In the present research, aircraft qroundspeed and camera depression
angle were the only differences between the mission from which the prediction
model was developed and the missions for which target acquisition ranges were
predicted. In this case, a multiplicative and an additive constant could be
used to convert predicted range to absolute range to compensate for differ-
ences between the two missions.

Operational Applications. There are no direct operational applications
for the findings of this basic research project.

Research Recommendations. Additional research should be conducted to
determine the corrective constants needed to make the prediction model accu-
rately forecast the absolute ground range at target acquisition. Research
should include a larger number of targets to provide greater stability in the
results.

Additional research will be required to determine how other differences
in mission conditions--weather, time of day, flight parameters, and so
forth--affect the accuracy of the prediction model.
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COMPIIATNION 0V OPElRATI1ONAL, APPlI ACTI0Nr,

Researlch and Operational suppcO)t. Mat erial~s

(2)*
0 TIhe muateri~al cleve Lopec was, tal.i red for the TrFi'-2 fio ld (valtua-

tion and is not' dire~ctly appli cabl e to other sti Intuaiot;. The
technid lie empl oyed i.s generail and woulld bO useful aS a V'ay toA
standardize observer (and other) reports and -in heipingy observ-
ers recogin"ae targets anld items of equi~pment in ot~her ;i tuati cnn.

(29i
o The imagery and fi lmi rolls developed for performlance mewasulQS

hj~ve potenti al utsi .lity for future research.-

o rI'magery, with known ta rqot con tecnt: and .-peouifi od imaqe characue r-
isLics canl be useful for trainiinq irnaqo interpreters, asessi nq

intrrpreter proficioncy, and i den ti fyi nq training needs.

(19)
* TIhe Current itresontat ionl has comlbi ned t~he in f'orninationl rron

several sioilrrer into a si is; le -ource and may be usefuil to bothV
mj sr-on requestors Mnd planners in speci fyijng altitudt! and focul
]enqth to obtain desired coverage of suffi-cient- quality.

rmqoin to ý.pre tabi I. t-y

* I'1'hu [mago Qua I i ty CMaf-loqj can he) used to predcht.1 the possible
acurCWacy of t~arget (lotect,ý.ofl and i denti fi~cat.i on wi~th consicdora-
blo cC eff-ectiveniess. Re I.ativel~y inexperienced intotrpreter:; can
accomlpli) tsh I-hi s ent ira tion of miss ion .i terpre tat) 1.1. t~y

*Iif tho effects, of speci.fic image characteri s~ties onl -he-acu
racy, comple, Ltownes, and tIttie, required for interpretation work,
knwn, then the i itorprteti Onl ti:1i le neded to attainl the comn-
mander' s desired level of accuracy or com)Ilek~nlenn coul Id be
13 1)(- CfledýC for7 a liV0en Mission. Great~er precision would be pos-
sibl e i f abi~li~ty paramieters, for the ititerpreter doing the tam;k
coul1d beŽ ilictndod in thu prcdictionl.

*Ass igininent of :inteipreter porsonnel t~o fac~iliities and the(' tnumber
of re conni i sanlce tiissions, flown coul1d be- based onl the comi-
mander' s estimiat~ed levels. of accuracy and completeness nee-ded
wi.t~hiln Speciftied Yespoiise tAlnes.

SNkimbors here refer t:,-) e forenee 1. a ntricon



* he ARI Iimaqe Quality Cataloq method (;an bc, used to predict xj

1pectcdl pt.'IfIormldlecC Thu~se p)i-t'.i.Qtoll'in ("al b uhe 0(1 lo d(AktC1-mflle

if Utiew i maOzry is recluirnd t~o mee~t thUloueie -w. neds, t~o se-
whic thansi irso huAheilepeedadi ht

*The largest scale imagery practicable should be acquired because
image qcu-Lity deqradation producas a greater loss in interpreter
perfoxmance, for small-scale imagery than for large--scaicP-

p_ imagery.

*In general, target detection and identification porfcrmance for
imagery degraded on only one dimension is significantly superior
to that for imagery degraded onl more than one dlime nsion. Th i.

may ,rvd quidance in assigniing missions to interpreters or ain
requestinq tiat. the mission b~e tio~wn again.

I * Sys;tem des~igners should consider that: color add-s a dimension to
iniacle qjuality that. permits interpreters to extract intelli~qenc-

black-and-white filmn.

()*The results.- obtainod have implicati on~s for planning infrared
missikons so that the imagjery obtained may be effectively
int~erpretzed.

Near Real-rime__Imaqgry_ Tntcrpyretat ion

(26)
*The factors of imaqe resolutio~cn, pres-entat~ion rate, and scale

are importait: Jill t-he de0sign of interpretationi d(splays and re-
lated doctrine.

* osihlo trade-off~s a-mong t~hose fact~ors also) shtould bo1) con-
sidered. For exanipla, screening accuracy for poor resolution
imagery canl be increasod I-or Ipresent..,ition rates in the rang(e-
from .8 t~o 2. seconds/frame by increasing viewing time per fraile.
Beyond 2 sec-ondni/frame , increasingq viewinIt t~imei dooY; nlýt ilfl-
crease sr-:reeniniv Ew-curacy.

7()



(38)
* Based on the experimental conditions tested, variable film speed

control is not required operationally because it did not affect
performance.

* A reporting procedure incorporating the placement of a reticle
over the target inherently permits greater target location accu-
racy than that obtained from target location estimates made by
the interpreter from coordinate data annoLdted or, the film mar-
gin. In addition, use of the reticle decreases target misiden-
tifications. However, the procedure also involves a time lag
that may be significant relative to other less accurate target
location procedures.

(22,23)
* Interpreters require more training and experience in the inter-

pretation of SLAR imagery to provide useful intelligence
information.

* Intelligence analysts should be aware of the accuracy and com-
pleteness of reports based on the present-day interpretation of
SLAR and adjust their intelligence estimates accordingly.

* Requirements for information from SLAR should be based on the
amount of detail that interpreters are able to extract accu-
rately and completely.

Real-Time Imagery Interpretation

(18)
* To insure optimum performance on either auxiliary tasks or

visual search, both tasks should not be assigned concurrently
to the RPV observer.

(24)
( Result2 can be used to indicate training requirements and to

specify modifications of operator techniques and procedures to
enhance operator performance in the field.

(33)
o Bandwidth compression of digital imagery degrades interpreter

performance, particularly beyond a 4:1 compression ratio.

* System users should consider the trade-offs between different
amounts of bandwidth compression and levels of reporting pre-
cision required--target detection versus precise target
identification.

e The effects of sun angle should be considered in mission
planning.
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Man/Computer Decision Processes

(6)
o The expected cost procedure provides the G2 with control over

the number and credibility of the reports received from the in-
terpretation facility. Setting a low acceptable cost level re-
sults in fewer reports of greater accuracy, whereas setting a
high acceptable cost level results in more reports with a reduc-
tion in accuracy. Level set can be changed to correspond to the
operational requirements.

(42)
* In an interpretation facility, the confidence validity of inter-

preters who are poor or moderately good in stating confidence
can be improved by having a second interpreter check the work of
the initial interpreter. For tarqet identifications associated
with large error costs, checking the confidence statements of
some of the interpreters should be routine when time permits.

(16)
o If use of payoff matrices becomes op,;rational and additional re-

search is not possible, the Direct Name Vector technique should
be used. Training on this technique must include free search.

(28)
e Interpreters preparing probability vectors should be provided

with ancillary inftrmation from other intelligence sources when
assessing the confidence of their reports. Proper indoctrina-
tion concerning the utility of this ancillary information should
be given.

(10)
"" Trained but inexperienced interpreters should not be used to es-

timate the probability that a sample of targets detected and
.identified on a surveillance mission came from a specific enemy
unit.

"" An operational computer or man/computer method should be de-
veloped to determine the probabilities that a given target sam-
ple came from a specific enemy unit or units.

Change Detection in Imagery Interpretation

(6,14)
"* Equipment should be provided to permit variable magnification

and rotation in-order to minimize the effects of scale and
orientation differences.

"* Equivalence of ground area coverage should be partially con-
trolled by mission planning. If late information about specific
locations detected in prior coverage is desired, spot cover or
area coverage at smaller scale can be requested to insure that
the areas of interest are covered.
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* Prior demarcation of commnon terrain on early and late imagery
does not help the interpreter.

* Target annotations on the early imagery is a useful technique
'*" for change detection.

*-Combined use of annotations and target lists for the early
imagery appears to maximize the number of correct change state-•..
ments and is recommended if time can be allowed or if used in an
automa-ed facility where the computer would reduce the time
element.

• = Mensuration and Coordinate Determination

L, (27)
(27 Within a particular operational unit, the most accurate inter-

r- preters (in measurement) should be determined and used for

critical measurement tasks.

* The retic].e scale should be used in preference to the inter-
preter scale if the object to be measured is smaller than the
length of the reticle scale.

Scal.e graduations--in thousandths of a foot or in tenths of a
millimeter on both interpreter scales and magnifier reticles--
had no significant effect on measurement variability among
interp.reters.

(6)
* Interpreters should be trained in visual decoding to insure a

backup capability in the event of automated reader failure.

* A set of flash .ards, as developed for experimental use, can be
used operationally to train interpreters in pattern recognition
for the decoding process and to help interpreters maintain their
proficiency.

9 There are limitations on the accuracy of the location data re-
ported in the code data block. If precise coordinate location
information is required using the code block location data, cor-
rection for this source of error will be necessary.

(22) __-A
e Only interpreters with the proven ability to locate targets

accurately should be used operationally with SLAR imagery.

(43) A

* In the employment of the APPS, the interpreter/operator depends
on the mutual presence of the same detail on the mission image
and the data base image in order to accurately correlate the two
by visual means.
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* The most accurate location data can be determined from vertical
or near-vertical photographic mission imagery.

"* The reduced resolution of paper prints appeared to reduce loca-
tion accuracy compared with that obtained with transparencies in
some cases.

"* Locations remote from terrain features identifiable on both mis-
sion and data base images cannot be transferred visually with
consistent accuracy.

"* Locations on terrain features in vertical, oblique, high pano-
ramic, and low panoramic photographic missions can be trans-
ferred to the data base with a ground error of less than
20 meters CPE.

"* Locations 200 meters distant, on the ground, from mutually iden-
tifiable terrain features on mission and data base imagery can
be located within 20 meters CPE on vertical photographic mis-
sions only.

" Transfer difficulty is aggravated by the length of elapsed time
between the acquisition of the data base imagery and the mission
imagery. If appreciable time has elapsed, manmade changes may
appear in one and not the other, making correlation more diffi-
cult. Attendant changes due to seasonal variations such as crop
patterns, flooding, snow cover, and so forth may also make cor-
relation difficult.

(44)
"* Under proper conditions, point transfers can be made with useful

accuracy to a photo data base from radar and infrared reconnais-
sance imagery having a wide range of scales and ground
resolutions.

"* The direct transfer technique should be used for Type A points
except for AN/APS-94 and AN/APQ-97 imagery if a 25-meter CPE is
required.

"• The indirect transetoŽ technique should be used for Type B points
for some types of imagery in order to obtain sufficient accuracy
(but an additional 5 minutes/target will be required).

"* Point transfers can be made by direct transfer with acceptable
accuracy from a static TV display of vertical photography to a
data base image.

(45)
* An instruction manual for point transfer techniques' is available

that provides step-by-step instructions for carrying out a di-
rect transfer and an indirect transfer using the APPS.
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e The use of quick prints of areas of interest, made during the
interpretation phase, will permit point transfers to be made
with improved accuracy before the image interpreter has com-
pleted the mission.

* The indirect transfer technique and associated software provide
an accurate means for determining ground coordinates of target
points located in areas of sparse background detail on photo-
graphic, infrared, and radar imagery.

Training and Proficiency Maintenance

(6,37)
"* Search time can be reduced by training, but only at the expense

of fewer detections or more errors.

"* The number of false target detections (inventions) can be re-
duced by error avoidance training using an error key. System-
atic development and use in the school and on-the-job should be
initiated.

(6,10,12)
"* Precise feedback was shown to produce greater learning, but this

type of feedback is impractical in some operational units. It
should be used in formal training and in computerized facilities
if information storage capacity is sufficient and if time for
on-the-job proficiency training is available.

"* Team consensus feedback is an effective way to develop and main-
tain interpreter proficiency. Consensus feedback can be used by
two or more interpreters using operational imagery during normal
operations but under little time pressure.

" Teams that are heterogeneous in proficiency learn more than do homo-
geneous teams. This indicates that team members learn from each
other and that without one member who is more proficient than the
others, little learning will take place.

(11)
* Effective school and on-the-job training in target identifica-

tion can be provided with a minimum of instructor participation
and relatively simple support, using operational imagery as the
basic instructional material. Immediate feedback on right or
wrong answers is vital but need not be complex.

(23)
* Training with feedback can improve performance over that

achieved by an untrained group. Such training methods have ap-
plication to many different interpretation tasks.
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(35)
9 Factors specified in t-.his research should be given careful study

prior to the iniitiation of a CAI training program in image i]1-

terpretation thait uses) equipment in future computer--based inter-
pretation facilities.

Imagery Interpretatiou Key Development

(32, 37)
* Error keys can be used in the field to lrdvece inventive errors

and omissions.

e Error avoidance traini ng should be incorporated i n the imar 4r-

terpretation training curriculum.

e Error keys should be developed for other geographical areas of
potential interest.

e Error analysis should be applied to student performance in the
image interpretation course and in on-the-job training to help
define areas where improvement is needed.

a Error keys aro an effective way to reduce inventive errors in

image interpr. ation, even for experienced interpreters. They
should be used in school and on-the-job for proficiency
maintenance.

(1)
* These manuscripts provide a point of departure for the develop-

ment of a training unit on error avoidance for formal training
of image interpreters and/or for on-the-job training.

(36)

9 Line drawings and photographs were equally effective. For CRT
displays, key information retrieved from memory in line format
can be used for interpretation references.

* Viewing angle is not a significant factor in interpretation
keys. Key pictorials need not match imagery in terms of view-
ing angle.

* Key pictorials at reduced scale may increase time required to
use the key because of need to use a magnifier.

* Although no increment in identification performance was obtained
by usi:ng both photographic and schematic representations to-
gether, there is some indication that difficulty of identifica-

tion of certain targets is reduced when both representations are
present in the key. The target involved and associated degree
of difficulty may dictate which type of prerentation should be
used or whether it: is desirable to present both.
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(41)

. In the development of keys for infrared imagery, emphasis should i

be placed on the presentation of cues an,1 et'tects of acquisition
parameters specific to the particular type of target being
treated, rather than on the presentation of generalized effects
of acquisition parameters.

(40)
9 Reference material that decreases in value with time, such as

prior coverage and previously prepared interpreter reports,
should be indexed for rapid retrieval but stored in its original
form.

Reference material that remains constant in value, such as maps
or key material, should be stored in a unit record format (e.g.,
as a 70 mm x 100 mm chip) for speed of retrieval, rapid access,
and minimal bulk of material to be stored.

* Microfilm technology, which offers a method of storing large

amounts of information on a single piece of film, should be con-
sidered fcr storing reference information.

To be of maximum usefulness, there should be provisions for ex-
pansion of the data base and for substitution within the data
ba.--e. Field units should be able to perform these functions so
they can tailor the materials to their own needs.
The empirical demonstration supports the notion that reference

information can be indexed, requested, retrieved, and displayed
with computer assistance. Although the demonstration was con-
cerned only with the retrieval and display of key information,
such a scheme may be used for the retrieval of other types of
reference information, such as maps, prior cover, and previous

interpreter repozts.

(30)
e The Army tent key can be used as a research tool to help iden-

tify tents in the determination of "image truth" for scoring
purposes by experimental subjects in responding to test mate-
rials involving U.S. Army equipment, and in training exercises
in the field.

(3)
* The MINI-KEY provides a useful and convenient guide for identi-

fying Army equipment for research and operational use.

RLeconnaissance Resource Management and Utilization

(49)
9 Selected findings of this research have implications for curric-

ulum revisions in Arny training courses for aerial. surveillance
officer and image interpreter personnel.
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(47)
*The Aerial Surveillance and Reconnaissance MANAGER has been used

by instructors in the Aerial Surveillance and Reconnaissance
Division of the U.S. Army Intelligence Center and School for
lesson planning and practical exercises.

* The MANAGER has been requested and distributed to operational
field units.

(5)
"* The survey indicated that subject matter experts considered

MANAGER to be a useful reference and training aid for the G2 Air
officer position. It also provided information concerning the
factual nature of the material contained in MANAGER.

"* Because more than 5 years have elapsed since the AS&R MANAGER
was prepared, the content of the handbook should be revised and
updated to make the reference current.

(48)
"* The Combat Commander's Guide to Aerial Surveillance and Recon-

naissance Resources is used worldwide in U.S. Army schools and
units for training in AS&R use.

"* The guide material has been divided into a Commander's Field Aid
to Aerial Surveillance and Reconnaissance Utilization for each
of the Combat Arms. The job aids are small, easy to carry, and
provides officers with ready references in formulating informa-
tion requests.

(46)
* The Commander's Guide is qenerally useful and accurate, although

many references to specific AS&R assets have become obsolete and
are no longer suitable for training or reference.

o The Commander's Guide should be revised to reflect the various ---

changes in AS&R assets. Greater emphasis should be placed on -4

information the commander is likely to use.
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i Research and Operational support. aterials

(31)
o Similar performance measures should be developed for video dis-

plays. Such measures are needed for research and performance
assessment in the interpretation of transmitted video displays
in real time.

Image Interpretability.

S~(6)
* Research should continue to study photographic imagery under a

wide variety of operational conditions. 7
,A-

* Research is needed to determine how interpretation accuracy,
completeness, and time are altered by image characteristics for
sensor systems other than the photographic sensor.

* Research to refine the catalog procedure for assessing imagery
interpretability should be continued, especially for new types
"of imagery.

* Research should continue on the development of an easily used,
subjective measure of image quality that provides estimates of
interpreter performance for any imagery obtained under normal
operational condition,;.

* Utility of fabricated target arrays for exploratory research
should be evaluated. This low-cost approach will provide a way
to achieve control over several. troublesome factors. Vinal.
validation of promising factors will require operational types
of imagery, targets, and image interpreters.

- Research on the effect of atmospheric haze as a dimension of
photo quality should be defined and quantified; also, its effect
in interaction with the quality dimensions of the ARI catalog--
image scale, image sharpness, and scene complexity--should be
determined so that the haze dimension can be appropriately inte-
grated in the Image Quality Catalog.

(34)
• Research should be conducted to empirically determine the rela-

tive merits of alternative techniques (such as the National
Imagery Interpretability Rating System (NIIRS) for predicting
image interpretability. Quantitative and subjective techniques
should be included.
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(U1)
* Additional research to validate the usefulness of color recon-

naissance imaqery should be conducted using a wide range of cor.-
ditiorks typicdl of opeoational use, e.g., differences in tar-
gets, terrain, and weather. A cost-effectiveness analysis
comparing interpreter performance, processing costs, viewer

costs, etc. should then be made to determine the operational
value of the three types of imagery.

o Color mixture for the 'rOC viewer can be set to provide pseudc-
color. Research should be undertaken to determine whether this
capability has any merit: for image interpretation.

(39)
9 The investigation of acquisition conditions and their effect on

the interpretability of infrared imagery should be expanded to
include conditions not varied in the initial experiment--that
is, sensor system, target characteristics, and environmencal
characteristics.

Near Real-Time Imagery Interpretation

(26)
* Research conducted in this area should be coordinated with that

suggested under real-time interpretation, where the use of band-
width compression as a technique for cutting bandwidth require-
ments was evaluated (Martinek & Zarin, 1979).

(38)
o Research should be continued in the search for methods to mini-

mize the time required for interpretation and target location
using near real-time.

(22,23)
& Research should be conducted to develop training procedures in

the use of inductive and deductive cues to determine whether a
specific radar return on SLAR imagery is a target and, if so,
the type of target it is.

Real-Time Imagery Interpretation

(18)
* Nonvisual, auxiliary tasks in response to tactile or auditcry

stimulation may be possible for the RPV cbserver without 'is-
tracting attention from the primary task. Research to determine
techniques to inform the RPV observer when ancillary tasks need
to be performed should be conducted. Responses to such stimula-
tion should be sought that do not impose visual r'quirements on
the observer.

196



(24)
* Research should deuelop assists and training techniques to im-

prove completeness and accuracy perforiance.

e Research to improve the target coordinate read-out capability Lf
the operators may be warranted.

9 For laboratory simulation, videotape recordings should be de-

veloped to simplify the procedure.

(33)
* Research is needed to determine the effezts of bandwidth com-

pression 3f digitized imagery under operational conditions,
i.e., conditions invo3ving the search and identification func-

tions of image Interpreters, trained and experienced in the in-
terpretation of compressed, digitized imagery.

* The interaction effects among bandwidth compression, sun angle,
and target ohbcurity should be investigated more thoroughly un-
der typical operational conditions, particularly for 8-inch and
16-inch GRD, vertical imagery.

Man/Computer Decision Processes

(6)
* The shortcut method for assessing subjective costs of large num-

bers of image interpretation errors should be refinted and evalu-
ated in an operational field setting for use in conjunction with
the probability vector estimates provided by interpreters.

(42)
* Techniques to enhance the validity of confidence estimates using

a team approach should examine the relative importance of se-
lected levels of the checker's demonstrated ability to make
valid confidence statements for selected conditions--type of
imagery, type of target, image quality, and so forth.

(16)
* The three techniques for establishing the probability vector--

DNV, DNVE, and DNVC--should be reviewid, revised, and evaluated
using experienced image interpreters instead of recent interpre-
tation course graduates. Training with feedback should be con-
sidered for all techniques, and a free search task for training
should be used.
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(28)
o Research to answer the following questions is required:

1. Did the enhancement of performance stem from the information
content furnished or because the interpreter had to examine
the imagery more carefully?

2. What is the optimal combination of information parameters
and the trade-off between reduced information quality (less
than complete and accurate) and no ancillary information
at all?

3. What is the relationship between the most influential infor-
mational variables and interpreter performance in establish-
ing a probability vector7

(25)
"* Research should be conducted to determine the ability of experi-

enced image interpreters to estimate the subjective probability
that a detected configuration of targets came from one or more
enemy units.

"* If valid estimates of the probability of unit identification are
found, the use of this knowledge as an interpretation aid in de-
tecting additional targets should be investigated.

Chanqe Detection in Imagery Interpretation

(13)
e The utility of computerized assistance for change detection in

operational facilities should be assessed to reduce the time de-
voted to this function and to decrease error rates.

(14)
o Research should determine the usefulness of team consensus feed-

back training in improving interpreter change detection perform-
ance.

Mensuration and Coordinate Determination

(27)
* A standard measurement task should be developed in which a

series of fixed known distances are measured by each operational
interpreter. Error scores for each interpreter would be deter-
mined. For each interpreter, the measured size would be plotted
against the true object size for all measurements to obtain a
personal equation for the interpreter. This functional relation
between measured and actual size could be used to correct the
operational measurements made by each interpreter. Error causes
could be studied to determine the nature of faulty individual in-
terpreter techniques and procedures that cause measurement errors,
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and school or on-the-job training could be provided to reduce or
eliminate measurement errors.

(22)
* Research should be conducted to determine whether image Ircv-

preters learn to decode the reconnaissance data in the cc ¢ .na-
trix block better by paired-associates training or by learning
to decipher the excess-three binary code. Research should de-
termine the comparative levels of skill retention over periods
of disuse for the two methods of decoding.

(23)
"* More extensive training programs should be developed and

validated.

"* The feasibility of using reference materials of larger scale
should be investigated as a way to improve location accuracy for
SLAR-imaged objects.

"* A baseline research effort is needed to establish the level of
coordinate determination accuracy attainable by expert radar in-
terpreters using SLAR mission imagery from both coherent and
noncoherent sensor systems.

(43)
e Research should be conducted to help the APPS interpreter/opera-

tor transfer locations on mission imagery to data base imagery
when there are no mutually identifiable terrain features nearby.

(44)
* Research should determine the locus and magnitude of errors in

APPS operation. This information will pinpoint areas where
equipment design changes and operator selection or training is
required to reduce output errors.

(45)
* Research should determine the utility of APPS for coordinate de-

termination of objects detected in real-time imagery.

Training and Proficiency Maintenance

(6,37)
* Research should determine the effect on the accuracy, complete-

ness, and time required for detection by combining rapid system-
atic search and error avoidance during training.

* Research should also determine the extent to which such train-
ing persists over time.
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(6,10,12)
e The results of the team consensus feedback research indicate

that this approach has merit for training and proficiency main-
tenance. Perhaps additional research is not judged necessary.
However, the definition of high, medium, and low proficiency in
interpretation skill was based on performance on the pretraining
tests. The interpreters participating in these experiments were
all recent graduates of the Army image interpretation course,
and it seems reasonable to assume that the range of interpretive
skill among the members of the group was not very large. In one
of the team consensus feedback experiments, the mean target de-
tection completeness score for the members with greater profi-
ciency was 48.5 and that for the members with lower proficiency
was 37.3. This difference in skill level was sufficient to pro-
duce a significant change in performance for the lower skilled
group. This observation suggests three other research efforts
to answer the following questions:

1. How is learning rate of the less proficient team members af-
fected by the skill level of the most proficient member?

2. Since the most proficient member of the team has been shown
to learn little more than interpreters practicing without
feedback, how can the progress of the most proficient member
be facilitated? Precise feedback, if available, might be an
answer.

3. What other factors inherent in the most proficient team mem-
ber are conducive to increased learning by less proficient
team members? Should leadership of the most proficient mem-
ber be dogmatic, laissez-faire, democratic, or some other
personality characteristic?

(11)

9 Retention of learned target identification skill should be eval-
uated, especially for the lower aptitude interpreters. Is the
learning acquired under pictorial training more or less resist-
ant to forgetting than that attained under textual only or tex-
tual/pictorial mixed training?

(22)
e Additional research should explore the ability of experienced

and/or expert SLAR interpreters to perform this task. Such in-
formation will permit the specification of the accuracy limits
attainable.

* Use of larger scale maps for determining coordinate data may be
beneficial and should be tested empirically.
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(35)
o The design of the next generation of interpretation facility may

have given consideration to the potential use of the system for
CAT training. If not, as soon as the design specifications are
known, a cost analysis of the potential use of the system for
CAI should be conducted so that minor m~odifications can be. made,
if needed, before the system is fielded.

Imagery Interpretation Key Development

(37)
9 A longitudinal s.udy should be conducted to determinne whether

error avoidance 1:raining persists over time or must be periodi- 4

cally reinforced.

(32)
a Error keys should be developed and validated for other sensor

systems besides the photographic sensor (e.g., infrared, video,
radar).

* Photographic error keys should be extended to include different
image scales and types cf photographs--vertical, oblique, digi-
tized, etc.

(1) ,

6 Work should be extended on the development of expanded training
units for error avoidance.

(36)
* Researrch should be conducted to determine an optimal scale or

range of scales to present the appearance of a target adequately
and still permit use of the key without magnification.

* Further research into how photographic and various schematic
presentations may be integrated is needed; the effectiveness of
such integrated presentations should be assessed empirically.

(4].)
9 The utility of the experimental kays developed in this research

should be reevaluated using experienced infrared image
interpreters.

(40)
9 Further experimentation is required to reach more definitive

conclusions concerning the effectiveness of this prototype data
base for interpretation purposes.

* Additional research should be conducted to develop data bases
for sensor systems other than infrared.

130)
9 To make this key current, the key should be changed to reflect

changes in Army tents.
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Basic Research: Visual Search and Target Acquisition

(37)
* Additional research should be conducted to extend this approach

to the more complex real-world search tasks.

* The finding that peripheral visual acuity is a predictor of
search time may warrant a full-scale effort to investigate the
implications of this factor in selecting observers for visual
3earch and target acquisition tasks.

(7)
a Additional research should be conducted to determine the correc-

tive constants needed to make the prediction model accurately 4 .•

forecast the absolute ground range at target acquisition. -1

* Research should include a larger number of targets to provide
greater stability in the results.

a Additional research will be required to determine how other dif-
ferences in mission conditions--weather, time of day, flight
parameters, and so forth--affect the accuracy of the prediction
model.

Reconnaissance Resource Management and Utilization

(49) 2
9 Materials should be developed to provide appropriate resource

management training for G2 Air personnel.

(47)
* A more exten3ive field evaluation of the Aerial Surveillance and

Reconnaissance MANAGER should be carried out.
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